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Extruded steel sections are produced in most 
qualities of steel, including carbon and alloy 
steels, stainless steels and special alloys. 


Hundreds of different shapes have already been 
extruded, ranging from simple angles to most 
complex shapes. Physical properties are identical 
with similar rolled sections and extrusions can be 
supplied in random lengths of 8 to 30 feet, with 
dimensional tolerances to suit requirements. 


Send for further details of ‘Osborn’ extruded 
steel sections—and take the first step to lower 
costs by reduction of machining and elimination 
of scrap. 


SAMUEL OSBORN & CO. LIMITED 
SeivVret B@YEEL BRAS. REPS ee SS 
STEELMAKERS - STEELFOUNDERS - ENGINEERS TOOLMAKERS 
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for a variety 
of fluids 


These couplings are made in a range of materials from aluminium alloy to 





stainless steel, some for withstanding high temperature-conditions. They B 
are completely hermetically self-sealing when disconnected but auto- 
matically provide an uninterrupted flow when re-coupled. i 


Our engineers, with a background of many years of experience in the design of 
coupling and hoses, are always ready to consider your problems and to make suitable 
recommendations. Leaflets giving details of self-sealing couplings and Lockheed-Avery 
flexible hoses, will be sent on application. 
Lockheed-Avery industrial hoses, types 77 and 99, and their end fittings, are available 
ex stock from any of Edmunds, Walker & Co. Ltd. branches. 


AVERY DIVISION, LOCKHEED PRECISION PRODUCTS LTD 


SHAW ROAD, SPEKE, LIVERPOOL 24 
Telephone: Hunts Cross 2/21 Telex 62394 Telegrams: Lockheed Liverpool 24 Telex 
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Pyrotenax cable at the Atomic 

Energy Research Establishment, 
Capenhurst, installation carried out by 

N. G. Bailey and Company Limited of Ilkley. 


for tomorrow’s energy 


Today electricai energy is produced one way—tomorrow another. 

But the “end product’, the electrical power itself, has to be carried, and 
experience shows that however current generation may change, power 
transmission for many purposes is best left to “‘Pyrotenax’’—for many reasons. 
Pyrotenax M.I.C.C. cables have been the consistent choice of electricity 
supply authorities for years. Twenty years ago the most “modern” 

power stations installed “‘Pyrotenax”—and the same original cabling still 
serves today. Little wonder that in this present age too—this 
“atomic” age—“Pyrotenax” is being specified for the lighting and power 
services in various nuclear power stations and in homes, schools, 

offices and factories throughout the country. 


PERFECTED BY EXPERIENCE 


“a there is no substitute Pyro tenax 
for experience 


m.i. COPPER COVERED CABLE 


PYROTENAX LIMITED ’ HEBBURN-ON-TYNE 
Telephone: Hebburn 83-2244/8 


LONDON: Victoria 3745 BIRMINGHAM: Midland 2924 MANCHESTER: Deansgate: 3346/7 LEEDS: Leeds 27826 GLASGOW: City 3641/ 
GDI31 
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For controlled 
pipe movement . . 


GON-TEN 


REG. TRADE MARK 
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PIPE SUPPORTS 
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The Con-Ten system has not only been tested, 
but proved in industries and power stations all 
over the world. No matter what the load or the 
pipe movement, or the problems met, there 

is a Con-Ten to provide the most adequate and 
permanent support available. Loads from 100 Ibs. 


to 14 tons and pipe movements up to 1/8” can 


LUC CCCEEE Eee 


be controlled by constant tension supports 
in the Con-Ten range. 


Contact us now for full information. 


British Patent Nos. 474008, 720074, 720075, 697987, 816976, 
U.S.A, Patent No. 2129320. 


BRITISH INDUSTRIAL 


ENGINEERING COMPANY (STAFFS) LIMITED 
CORONATION WORKS, HAINGE ROAD, TIVIDALE, TIPTON, STAFFS. Telephone: TIPTON 1222/3/4 


VAAL LAA 
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VALLINOX 


de tubes en aciers spéciaux 
et inoxydables 
pour Il’industrie atomique 








SOCIETE ANONYME AU CAPITAL DE 110.000000 DE NOUVEAUX FRANCS 


SIEGE SOCIAL ET SERVICES COMMERCIAUX ; 6, RUE DARU © PARIS (8°) © CAR. : 03-60, 05-00 
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| PLESSIFLEX | 


REGD. TRADE MARK 









can take it... 


whether ‘it’ is a gas or a liquid, hot or 
cold, corrosive or inflammable. 










to wherever 
it's got to go... 


in any of an infinite range of aeronautical, 
marine, chemical or nuclear applications. 






safely and surely... 


because, where misalignment or relative move- 
ment so demand, Plessiflex will bend, flex or 
bow but never, never complain. It withstands 
the most exacting conditions of blast or vibration, 
cold or heat, or high internal pressure — or all 
of these at once. 








in many sizes 


from 4” to 8” bore. And Plessiflex may be 
had in various metals including stain- 
less steel, brass, copper and Monel. 








Write for Publication No. 1121 


etallic hose and ducting 


POWER AUXILIARIES LIMITED 
Kembrey Street - Swindon + Wilts - Tel: Swindon 6211 


Overseas Sales Organisation: 
PLESSEY INTERNATIONAL LIMITED - Ilford - Essex + Tel: ILFord 3040 


One of the [ Plessey | Group of Companies 
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Safeguard 
your plant 
with the 


NASHTON 





flow-controlled switch 


A high-precision 
electrical switch operated 
by liquid flow 


Available in gunmetal, brass, 
or stainless steel tor corrosive 
fluids — flameproofed models 
for explosive atmospheres 


The ideal safety device in 
coolant systems for 


NUCLEAR REACTORS 
MOBILE GENERATORS 
X-RAY EQUIPMENT 
AUTOMATIC PUMPS 
RADAR TRANSMITTERS 
WELDING PLANT 





Make 


NASHTON 


the heart of your 
‘fail safe’ 
security 








Ny 

ZN Write now for a leaflet detailing 
various models, flow rates, maximum 
temperatures and pressures, etc. 


Nash and Thompson 


Limited 
Hook Rise South, Tolworth, Surbiton, Surrey 
Telephone : ELMbridge 5252 
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STAINLESS STEEL FABRICATIONS 
by the specialists 

















Pressure Vessels all classes 

Vessels for storage and transport 
Condensers and Heat-Exchangers 
Pipework and Pipefittings 

Laboratory Equipment and Holloware 


Ducting and other stainless steel sheet 
metal work 


+ + + + HH 


X-ray weld inspection 


A 200 gallon stainless steel 
reaction vessel with coil jacket 
suitable for high pressure steam 





As specialists in the manufacture of stainless steel products for 30 years, we 
have exceptional knowledge of the material. Our staff are skilled in the design of equip- 
ment in this metal and our work people in its manipulation. You can therefore place your 
requirements in no better hands. 


THE pation 
| tidal 
ITTINGS Co. Ltd. 


Head Office: Ring Rd., Lower Wortley, Leeds, 12. Telephone: Leeds 638711 PBX 
London Office: 14 Great Peter Street, London, $.W.1. Telephone: Abbey 1575 








Circle No 9 on reply card for further details NUCLEAR POWER March 1961 


shat 


Benes fa; %: 








333 - 


7 OD 


— 
~ 





PAR EXCELLENCE 


OBTAINABLE FROM THE NEW GRAPHITE PROCESSING TECHNIQUES AT LANGLEY 


Natural Porosity to gases and fluids is no longer a major disadvantage. 


Hawker Siddeley Nuclear Power Company's processes 
broaden the field of Graphite usage in industry. The new 
material has an impermeability to gases which shows a 
millionfold improvement over normal grades — an improve- 
ment which is consistent and independent of temperature. 
Physical and mechanical properties are twice as good and the 
oxidation rate may be greatly reduced. This denser material 
permits appreciable reduction in the physical dimensions of 
future nuclear reactor systems for power generation. Corro- 


sion-resistant and oxidation-resistant grades are eminently 
suitable for application in the chemical industry and in 
equipment for handling molten metals. Already, specific 
uses in appropriate environments include crucibles — par- 
ticularly for handling rare metals — high temperature dies, 
bursting discs, pump seals, gland packings, rocket nozzle 
components and high temperature bearings and bushes. 
It is also used in the manufacture of transistors. 

If you have an intractable materials problem, contact:— 


HAWKER SIDDELEY NUCLEAR POWER CO. LTD 


Sutton Lane, Langley, Bucks, England. Telephone No. Slough 24451 


NUCLEAR POWER March 1961 


MEMBER OF HAWKER SIDDELEY GROUP 
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A speck of dust 1/ 10,000 


of a millimetre in size has only 


one chance in 10,000 of getting 


past this Vokes ‘Absolute’ Filter 























Other filters in Vokes ‘Absolute’ range 
include the standard type (guaranteed 
99-95% efficient against sub-micronic parti- 
cles) and high humidity and acid resistant 
types (guaranteed 99-99°, efficient against 
sub-micronic particles). 


...and that’s guaranteed 


Vokes ‘Absolute’ high temperature filters were developed for critical 
applications involving risk of fire, or temperatures up to 1000 F. 
They have proved particularly valuable in the filtration systems of 
nuclear power stations where a breakdown caused by an outbreak of 
fire might release dangerous toxic particles to atmosphere. 

These filters have a guaranteed minimum efficiency of 99-99% against 
particles in the 0-1 to 0-5 micron range: therefore impurities in the air 
ranging in size from a ten thousandth of a millimetre to a two thousandth 
of a millimetre have only one chance in ten thousand of passing through 
the high temperature ‘Absolute’ all glass paper filter medium. 

In addition Vokes guarantee the accuracy of these figures. As with all 
Vokes ‘Absolute’ filters, every high temperature type is tested in 
accordance with BSS 2831 on a methylene blue test rig and rejected if 
its efficiency is below the required standard. 

You are invited to write for a booklet covering the range of Vokes 
special purpose air filters and containing details of Vokes unique 
testing methods. 
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leave absolutely nothing to chance 


VOKES LIMITED - HENLEY PARK - GUILDFORD - SURREY 


Telephone: Guildford 62861 (6 lines Telegrams: Vokesacess, Guildford, Telex. Telex: 8-535 Vokesacess, Gfd. Represented throughout the world 
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The name that counts 





in High Pressure 


Ermeto Engineers have developed the 
largest range of high pressure fittings 
in the world. The couplings are made in 
mild steel, stainless steel, brass, 
aluminium alloy and high duty bronze. 
High pressure valves and flexible hose 
assemblies are also manufactured. A 
large number of non-standard fittings 
are produced to meet customers’ 
individual requirements. Our technical 
staff are always ready to provide 
further information. The Ermeto 
Catalogue is an essential reference 
when designing high pressure circuits. 
We shall be happy to forward 

a copy on request. 


( 


Ss 
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BRITISH ERMETO CORPORATION LTD 


HARGRAVE ROAD - MAIDENHEAD - BERKS - Tel: Maidenhead 5100 


A member of the Alenco Group of Companies 
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GLENFIELD 


EQUIPMENT 


for Nuclear Power Stations 


| 

















Glenfield business is the design and manufacture 
of all types of equipment for controlling the flow of 
fluids, particularly water. For control purposes in 
the circulating and other water systems of nuclear 
power stations, a wide selection of single-faced 
Sluices, and of hand-operated, power-driven and 
self-acting Valves, is available. Such equipment 
has been supplied, or is on order, for many of the 
stations now in operation or in course of construction. 











| Se & KENNEDY. LIMITED. KILMARNOCK 








HEAD OFFICE and WORKS: KILMARNOCK, SCOTLAND 
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mm 6©6STANDBY 
ca’ GENERATING SETS 
with automatic starting 
FOR ATOMIC 
POWER STATIONS 





* 
Within a few seconds of receiving the NMertess 
starting signal and without manual attendance, 


these Mirrlees oil-engine sets will carry full load, 
providing a reliable auxiliary and standby supply for diesels 
atomic power stations and other installations where —— 
it is essential to forestall breakdowns and serious 
loss due to cessation of mains power supply. 
The Mirrlees J and JV Types of engine cover a 
comprehensive series including 3, 4, 5, 6 and The power range extends from the 
8-cylinder in-line engines and 12 and 16-cylinder 210 BHP J3 three-cylinder naturally aspirated 
vee-form engines. All can be offered in naturally 
aspirated or turbocharged form, the latter with or up to the 2272 BHP JVSS 16 sixteen-cylinder 


without air aftercoolers. turbocharged engine with air aftercooler. 


MIRRLEES, BICKERTON AND DAY LIMITED 
HAZEL GROVE + STOCKPORT : CHESHIRE 


A member of the HAWKER-SIDDELEY Group 


Telephone: Stepping Hill 1000 (15 lines) Telegrams: ‘‘Mirrlees Telex, Manchester’? 
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tailored 
to fit 
British 
industry! 











AND ITS RESISTANCE 
WELDED THROUGHOUT 
70 GIVE EVEN 

| GREATER STRENGTH! 





SAFETREAD 





WELDED STEEL FLOORING 


Acclaimed throughout industry, “SAFETREAD’S” unique design combines 
toughness, rigidity, and anti-corrosion properties second to none. It is literally ‘tailored to fit’ your most intricate flooring 
needs. The test of time proves that SAFETREAD floors have withstood many years of the most arduous and rigorous 
conditions, and that the point of welding is where corrosion has had least effect. This is because “SAFETREAD” is 
homogeneously resistance welded under pressure—the grain of the material is thus closed and a highly corrosion-resistant 
joint results. Welded in this way, through the neutral axis of the main bar, maximum strength and lateral stability is also 
gained. Write today for further information on the unique “SAFETREAD” method of fabrication and a copy of the 
“SAFETREAD” catalogue—it includes safe load tables, deflection tables, and many other valuable facts and figures. 


ALLAN KENNEDY & CO. LTD. 


MARITIME STREET, STOCKTON ON TEES 
Tel: Stockton 65464 (4 lines) Grams: ‘Grating’ Stockton on Tees London Office: Abford House, Wilton Rd., London, S.W.1 Tel: VIC 2539 


P4894 
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universal acclaim 


ME Universal Ball Joints 

are recognised 

idalgelelelarelehaunalelel-jaa'ar-r— 

the best obtainabie 

Precision engineering 

Tale mm Galcmmel-t-e) Malle lemme per. 

@:Niae =fer-iaemr-le)elaehzzrep) 

material ensure the constant 
liability of all types 

and sizes of joint 


Write today for catalogue 


The Mollart Engineering Co Ltd 


KINGSTON BY-PASS SURBITON SURREY 


Telephone: Elmbridge 0033 (Slines) Telegrams; Precision Surbiton 
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Don't despair if you cannot immediately follow the 
functioning of the bar system. It took the Engineering 
Division several days to understand it, and the only 
way they could make it clear to our executives was 
with the cardboard model in the photograph. 


RICHARDSONS, WESTGARTH & CO LTD 





With cardboard, string, the office sticky-tape and an artificial pearl 
borrowed from a typist (for the spherical joint between the two 
cones) Richardsons Westgarth engineers have knocked up a 
radically new solution to a very old and tricky problem — how to take 
up the expansion of large pipes carrying high pressures. The prob- 
lem came into the design office in the specific form of the CO, 
ducting of the Trawsfynydd Atomic Power Station. Pressure 265 
p.s.i.; temperature 420°C; axial thrust on any cross section over 
1,000,000 Ib. 

The usual means of taking this thrust - on either an internal flexible 
tongue or an external arrangement of hinge pins, guides and rollers - 
are cumbersome and, worse, flexible in only one plane, so that any 
sideways deflection produces stresses incapable of analysis. Rollers 
and pins need lubrication and are subject to wear, and both disturb 
the uniform distribution of stress around the periphery of the pipe. 
In the new Richardsons Westgarth joint the end restraint is provided 
by a ring of high-tensile steel bars, and flexing is taken entirely by 
elastic stress in these bars. The joint is thus flexible in a// directions. 
No lubrication is needed; all forces are calculable - and they are fed 
uniformly onto the periphery of the restraint. 

This is the kind of solution - unconventional, simpler, sounder and 
cheaper - that the fresh thinking of Richardsons Westgarth engi- 
neers is continually producing. 





The Controlling Company of the RICHARDSONS WESTGARTH GROUP Wallsend, Northumberland, and at 58 Victoria St., London, SW1 
Associated with Atomic Power Constructions Ltd. RW 67 
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hat are Fairey’s doing in Atomics ? What aren’t they ? Aluminium and steel fabrications, charge machines, control 
echanisms, graphite machining and laying, irradiated fuel disposal equipment, gas filtration . . 
\t Britain’s latest nuclear power station at Trawsfynydd, as in so many other projects, Fairey are there . 
heart of things. They are at work on a major programme of research, development, design and manufacture 
for nuclear power stations and experimental establishments throughout the country. Fairey have been thinking 
and living nuclear engineering for years—they know what they’re about. 
Fairey’s nuclear work includes: U.K.A.E.A. experimental reactor equipment, power reactor equipment, fuel 
element cans, controlled thermonuclear research equipment, aluminium and steel fabrications nuclear fuel 
»rocessing equipment, plastics and plastics fabrications, electronics and special instrumentation, machine tools 


.. at the 


I 
and remote handling equipment, hydraulic equipment and gas filters. 


- Middlesex Stockport - Cheshire (A member of The Fairey Group of Companies) 


Fairey Engineering Limited Heston 
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balance... 


the Joy WNI12 stationary compressor 


Engineers right on their toes designed the Joy WN.112 compressor, designed it for balance, 


high-stepping efficiency and the quick precision of a ballet movement. The faultless timing, 
alignment and complete harmony of the WN.112 make it a machine well worth studying— 


ain POWER | 
AIR POWER SUPPLIED & APPLIED BY JOY ‘ SU LLIVA iN | | ID) 
| oiviston 


7 HARLEY STREET, LONDON W.1 ss 


write for a copy of Publication AD/6 — study it well. 
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THIS one 


raised the roof 





Fabrications in unusual shapes and sizes 
are Marston’s speciality — fabrications 
like this aluminium brass end seal for a 
heat-exchanger at the National Gas Tur- 
bine Establishment.* It was so big that we 
had to remove part of the roof in one of our 
erecting shops — but that kind of thing is 
all in the day’s work for us. If you’re con- 
templating engineering, chemical petro- 
leum or nuclear power plant that calls for 
components to unusual specifications, 
consult us at the design stage: our experts 
cancontribute much to the smooth, speedy 
and economical execution of your plans. 


Process pliant - Bursting discs 
Pressure vessels - Heat-exchangers 
Pipework:-Special-purpose machines 
in aluminium, titanium and other non- 
ferrous metals. 


* Made for :—National Gas Turbine Establishment. 


MARSTON EXCELSIOR LIMITED 
A subsidiary of Imperiai Chemical Industries Limited 


Fordhouses, Woiverhampton 
MAR.281 


jlih ta Sa err wonteanrs Nes tis 
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Fuel elements for the FR-2 research 
reactor at Karlsruhe awaiting 
delivery at NUKEM’S Wolfgang plant. 





? 
sa fae 


The 3,000 ton per day Nordic uranium concentrating 
plant of Rio Algom Mines Limited, Canada. 


ROPE 


Rio Tinto has joined forces with the leading German metallurgical 
group, Deutsche Gold- und Silber-Scheideanstalt vormals Roessler 
(Degussa), to form NUKEM—Nuklear-Chemie und -Metallurgie Gesell- 
schaft m.b.H. 

NUKEM has taken Over the research and production programme of the 
Degussa Nuklear Gruppe, covering a wide range of uranium and thorium 
processing and fabricating activities related to the nuclear power 
programmes of a number of countries. 

NUKEM is co-operating closely with Rio Tinto’s Canadian uranium 
mining interests and with Rio Tinto Dow Limited, a company specialising 
in uranium and thorium processing. 


Nukem—Nuklear-Chemie und -Metallurgie Gesellschaft m.b.H., Wolfgang bei Hanau (Main) 
Rio Tinto Management Services (U.K.) Limited, Barrington House, 59, Gresham Street, London, E.C.2. 
Deutsche Gold- und Silber-Scheideanstalt vormals Roessler (Degussa), Weissfrauenstrasse 9, Frankfurt (Main) 
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MODERN TELESCOPIC RUNNERS 


new single extension 

















prices 

IMSLIDES 

IMS 300/19 (for raks of 184” (469mm) runner depth) 

£3-14-3 per pair 

IMS 300 24 (for raks of 234” (597mm) runner depth) 
£4-4-10 per pair 

IMslide BRACKETS IMS/BR2 complete with 4 screws, 

4 nuts and 4 washers 3/2 per pair 


IMslide SPACER PLATES IMS/SPI 1/1 per pair 


Alfred Imhof Limited pepe. ns 


Ashley Works, Cowley Mill Road, Uxbridge, Middx. 
Telephone: Uxbridge 37123. Telex: 24177 
Telegrams: Imcase - Uxbridge - Telex. 


IMHOFS AGENTS OVERSEAS 


Now the successful IMslide design of telescopic 
mountings is available at even lower cost in the 
new 300 Series. Here a single extension is used; 

it has the same superb free-running characteristics 
as the well-known 500 Series (which has a double 
extension), coupled with exceptional lightness 
and slimness. Now you can use telescopic runners 
where older steel types were too heavy, too 

space consuming, too expensive or too jerky in 
operation. You can use them to enhance 
expensive equipment. IMslides will give you 

new ideas for improving your products — and 
your profits. Send for our leaflet giving full 
details, or order a trial pair today. 


materials high tensile strength aluminium alloy 
with black anodised finish. Pins, bearings etc., of 
chrome steel, cadmium-plated carbon steel or 
stainless steel. 


lightness a pair of IMS 300/24 runners weigh 
3lb 100z (1.64kg) as against 6lb (2.72kg) for a pair 
of conventional runners. 


strength in general, the maximum load on 
IMS 300/19 slides should be 100ib (45.4kg) and 
75ib (34.1kg) on IMS 300/24 slides. 


minimum thickness IMslides, 300 Series, are 


only 23/64” (9.1mm) thick overall. 


special features countersunk holes take fixings 


for chassis and for certain types of rack mounting. 
Special brackets available extend the variety of 
possible rack mountings and give adjustments in 
length and height. 


technical service through our special IMslide 


Technical Service, we are always glad to give 
assistance on any aspect of using IMslides, 
including the application of loads above the 
recommended figures. 


Algeria: E.G.E.E., Paris (19) Finland: Oy Scienta Ab. Helsinki Morocco: E.G.E.E., Paris (19) Switzerland: Walter Blum, Zurich 2/39 
Australia: Aladdin Industries (Pty) Lté, France: E£.G.E.E., Paris (19) New Zealand: |marex Ltd, Auckland C3 Tunisia: E.G.E.E., Paris (19) 

Stanmore NSW Germany: Sunvic Regier GMBH Norway: Birger Christensen, Oslo U.S.A.: Bud Radio Inc, 

Belgium: Rogelec, Ghent Solengen—Ohligs Portugal: Projectos e Construcées Lda, Cleveland 3, Ohio 


Canada: Measurement Engineering Ltd, Holland: }. Th. van Reijsen, Delft Lisbon 


British Guiana: 


Arnprior italy: Stuart Culley, Milan South Africa: Switchcraft (Pty) Limited, Davsons Caribbean Agencies Ltd, 
Denmark: Tage Schouboe, Mexico: Aluminio Arquitectonico, Johannesburg Georgetown 
Copenhagen N S.A., Mexico D.F Sweden: Electroniund AB, Malmo | 
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ELECTRO 
SYSTEMS 
GROUP 


Registered Office 


at DOUNREAY : BRADWELL 
CALDER HALL : BERKELEY 
CHAPEL CROSS : LATINA (italy) 


e Telemetering Systems 
e Alarm Annunciation Systems 
e Operational Telephone Systems 


e Miniaturized Direct Wire 
Control Systems 


STC design, manufacture and instal! for 
the Nuclear Power Industry, all types of 
Remote Control and Indication Systems 
Telecommand Systems, Indication Dia- 
grams, Automatic Temperature RYer- aT AL¢} 
Equipments, Data Logging and Printing 


Systems, etc. 


, Aldwyct 


INSTRUMENTATION AND CONTROL DIVISION 


Ga _ a Srandard Tok phones and ¢ ables Limited 
Ya Lor 





60 5R. 


PROGRESS WAY GREAT 


CAMBRIDGE. ROAD ENFIELD MIDDLESEX 
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with austenitic 


Superheater tubes 


are built by DURRWERKE AKTIENGESELLSCHAFT as part 
of their production programme. For fourteen (14) high-capacity 
steam boiler plants with steam conditions of up to 1200°F and 4850 
Ib/in? there were used some 


492,000 ft of tube 20-30 mm outside dia., 3.5-6 mm 
wall thickness; 

10,000 ft of tube 63.5 - 121 mm outside dia., 7 - 12 mm 
wall thickness; 

2,000 ft of tube over 130 mm outside dia., 16 - 40 mm 
wall thickness; 


These tubes of the high-temperature resistant all-austenitic 
chrome-nickel steels x8 Cr Ni Nb 1613, x8 Cr Ni Mo ND 1616 
and x8 Cr Ni Mo V Nb 1613 were manually welded by both 
inert-gas metal-arc and shielded metal-arc processes, for which new 
joint designs have been developed. To complete the fourteen 
boilers more than 31,500 welds within the pressure systems were 
made. Of these, butt welds on tubes with smaller wall thickness 
total some 15,000, on tubes with thicker walls some 1,500; the 
remaining 15,000 are tube-to-header joint welds. 


DURRWERKE AKTIENGESELLSCHAFT ranks among the 
oldest companies in the field of high-capacity boiler design and 
construction. Founded in 1883 by Gustav and Walther Diirr, the 
company made at first single-chamber water tube boilers known 
as DURR Boilers, which rapidly found wide international accep- 
tance, also in ship-building. Other remarkable steps in the com- 
pany’s initial development have been the construction in 1903 of 
the first DURR travelling grate stoker, the production of Garbe 
straight-tube boilers starting in 1907 and, along this line, the first 
vertical-tube boiler with 360 Ib/in? operating pressure in 1915. 


After in 1924 the company’s name had been changed into what 
it is today, DURRWERKE AKTIENGESELLSCHAFT entered the 
second stage of its development in 1932 when building the first 
DURR “ultra high-pressure” boiler for 1660 Ib/in? operating 
pressure and 172,000 lb/hr evaporation. In 1934, the manufacturing 
programme was extended to once-through Benson boilers, and 
in 1940 the first DURR pulverized coal firing system went into 
operation. 


Another milestone in the company’s history is the construction 
in 1950 of a Benson boiler with the world-record operating tem- 
perature of 1130°F. By 1956 over 4,000 DURR boilers had been 
built; and in 1959 the DURR low-load system for once-through 
boilers, which makes it possible to operate these units at any 
desired percentage of full load, was field-tested and has since been 
in successful use. By 1960 more than 100 DURR Benson boilers 
were installed or on order. 


With this experience to rely on, and with its staff of expert 


personnel linked to the company over generations, DURRWERKE 
AKTIENGESELLSCHAFT is a highly qualified and dependable 


partner to co-operate with also in the construction 
of nuclear power stations. Field results from 
austenitic material in steam generating plants with 
more than 100,000 hours of operation are available 
for evaluation. 


Diirrwerke Aktiengesellschaft Ratingen — West Germany 
Steam Boiler] Manufacturers Since 1883 
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nuclear energy 
for ship propulsion 


INTERATOM’S newly built, modern 





Technical and Laboratory Buildings 





accommodate a wealth of equipment | | v | 
and facilities required for the 
preliminary testing of components 


| | 
and complete loops for the OMR 
maritime reactor under development ——_ . ih 


for GKSS of Hamburg, and for the | 








KNK (sodium-cooled, metal hydride 
moderated) reactor being studied under | UL 
the German Atomic Energy Program. | Wal 











includes the supply of testing and 
measuring facilities for numerous 
industrial applications of radioisotopes. 


























DEMAG and its Affiliates 


supply high-quality components and 
accessories for Nuclear Installations: 





Containment and internals of a maritime reactor under 


development jointly with GKSS and EURATOM 


DEMAG AKTIENGESELLSCHAFT 
eae Pceraticmcn. I-33) 


DINGLER-WERKE AKTIENGESELLSCHAFT 


ERHARDT&SEHMER MASCHINENFABRIK AG PEMAG 








Bensberg/Cologne Western Germany 


NUCLEAR POWER March 1961 Circle No 26 on reply card for further details 29 























Top 
European 


Advertising 
Media 


Siiddeutsche Zeitung 


The paper belongs to the T.E.A.M. Newspaper 
Group—Top European Advertising Media—a net- 
work of influential commercial and financial daily 


newspapers spread over eleven European countries. 


Through its technological and scientific pub- 


lications “Der Mensch und die Technik”—Man and 
Technology, Siiddeutsche Zeitung, is bringing 
technological subjects within the scope of the 


man in the street. 





The most current 


important achievements of 
research and their applications in technology in 
the service of mankind—once specialist subjects— 


are made clearly comprehensible for everyone. 





Titles of the publications for the coming months 

include: “Applications of Electronics’’ (Special 

issue concurrent with the Hanover German Industries 
Fair). 


“Building Elements in Electronics”. 
“Technology in Agriculture”. 


“Chemistry” (Special issue concurrent with the 
13th ACHEMA in Frankfurt am Main). 


“Paper Manufacture and Processing”. 
“Nuclear Energy” (Fission and Fusion). 
“Porcelain”. 

“Cosmetics”. 

“Textile Industry”. 

“Wireless and Television Technology”. 


Please ask for further details through the Reader 
Information Service of ‘Nuclear Power’ or write 
directly to Siiddeutsche Zeitung, “Der Mensch 
und die Technik”, Munich 3, P.B. 300, Germany. 





Siiddeutsche Zeitung, is one of the three large 
dailies in West Germany. the 


possibility of successfully advertising your goods 


It offers you 


and services throughout its wide territory. 
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Structural Elements 
for Nuclear Reactors 


thick plates in standard and clad execution. 


In our plants we manufacture and deform clad plates up to total 


thicknesses of 250 mm. 


For nuclear energy plants we supply: 


Heavy plates made of carbon and alloyed steels in 
wall thicknesses between 5 — 250 mm 

Plates made of high alloy steels, from 1 mm thickness 
Clad medium and heavy plates up toa total thickness 
of 250 mm 

The following products made ofnormalandclad plates: 
Reactor pressure vessels, thick-walled containers 
Cylindrical shells 

Pressed heads 

Segments for large heads and spherical containers 
Other containers 

Moreover: 

Seamless steel tubes made of high temperature, 
corrosion resistant and unalloyed steels 

Welded small-size and big-size tubes made of 
unalloyed and alloyed steels 

Heat exchangers, tubular coils, pipelines 

Tubular bends, fittings and flanges, alloyed and 
unalloyed 

Sectional steel made of unalloyed, alloyed and special 
steels 


PHOENIX-RHEINROHR AG 


VEREINIGTE HUTTEN- UND ROHRENWERKE DUSSELDORF 


GERMANY 
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can only be manufactured in most up-to-date finishing plants, in which quality of 
the material and precision of workmanship combined with wide experience 
guarantee maximum safety of our products. These prerequisites are largely fulfilled 
by Phoenix-Rheinrohr. Sufficient proof of this are our achievements in the field of 
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design and build. 
Nuclear Gower Statiows 


in close cooperation with 
the General Electric Company of England (G. E. C.) 





Please contact our department for nuclear power 
plants in Nuremberg for further details. 


MASCHINENFABRIK AUGSBURG-NURNBERG AG 
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Wherever pipes are found.... 


Throughout the world, for all purposes, industry chooses pipework 
designed and supplied by us. PAUL KAHLE piping is also used in 
atomic energy: it was specified for the German MERLIN research 
reactor and for the experimental power reactor at KAHL 


PAUL KAHLE ROHRLEITUNGSBAU G.M.B.H DUSSELDORF — GERMANY 




















VACUUM-METALLURGY ELGvG 





Have you 
any problems ? 


As manufacturers of vacuum metallurgical 
installations and vacuum treated metals, 
especially nuclear metals, we are well 
aware of the requirements in this field. 
HERAEUS equipment is used in all of 
Europe's centres of atomic research and 
nuclear energy. 40 years of experience in 
vacuum metallurgy are available to you. 


WE SUPPLY: 


Vacuum metallurgical installations 
Vacuum arc melting furnaces 
Vacuum induction furnaces 

for melting and heat treatment 
Resistance heated vacuum furnaces 
Electron beam melting furnaces 
Electron beam welding units 
Inert gas arc welders 
Vacuum fusion gas analyser 


Vacuum equipment 

Mechanical pumps 

HERAEUS Roots pumps 

Oil diffusion pumps 

Getter ion pumps 

Gauges, valves, components 
Pumping sets for all applications in 
Electron beam melting furnace ES 2/4, nuclear research and industry 


large laboratory type, for melting Ultra high vacuum installations 
and purification purposes. 





Nuclear energy auxiliaries 


Reactor tanks 

Fuel element loading devices 

Torus for nuclear fusion experiments 
Nuclear metals 


FOR FURTHER INFORMATION, PLEASE CONTACT OUR REPRESENTATIVES 


MESSRS. FLEISCHMANN (LONDON) LTD., CHANCERY HOUSE, CHANCERY LANE, LONDON, W.C.2 - TEL: HOLBORN 7415 (8 LINES) - TELEX: LONDON 28816 
OR WRITE DIRECT TO 


W.C.HERAEUS GMBH-ABT.HOCHVAKUUM-HANAU 


WESTERN-GERMANY 
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This 105-ton pressure vessel for the nuclear reactor in Kahl/Main was 
manufactured by Mannesmann. Wall thickness is 4 inches; the vessel is made 
TAM 4 La G from heat-resistant special steel clad with stainless austenitic chrome-nickel 


steel. In both materials, a maximum cobalt content of 50 ppm was not exceeded. 


T ee \ Another pressure vessel, to be installed in the Dragon project in Winfrith, 


is now under construction in the Mannesmann plant. 
The exacting requirements placed by nuclear engineering on both materials 
and workmanship are fully met by the Mannesmann Company, highly specialized 


in the design and supply of products for this field. 


Our supply programme for nuclear engineering includes the following equipment: Seamless steel tubing of stain- 
less steel throughout the range of dimensions and surface finishes, including all required values for interior 
surface roughness. Another field in which we have accumulated a wealth of experience is the design and 
installation of complete piping systems and pipelines. 


MAN ™ ES MAN ~ -EXPO RT * DUSSELDORF - GERMANY 


Branch Offices and Representatives all over the world 
In Great Britain: Mannex (London) Ltd. - Universal House - 60 Buckingham Palace Road - Tel. Sloane 10701-2-3 1210/2e 
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PROTECTIVE GLASSES 


against Radio-active Radiation 


There are 10 types available with varying lead content and in densities from 
2.53 to 6.20. Among those there are also several stabilized types which will not 
become brown even under exposure to high radiation doses. The great number 
of glass types permits good adaptation of the thickness of the windows to that 
of the protective walls. Depending on glass type it is possible to produce blocks 
in sizes up to 1,3 m at thicknesses from 15 to 30cm. 


For further use in nuclear 
research we supply 


Bubble Chamber 
Windows 

made of best optical glass 
in untempered and temper- 
ed quality. Even large win- 
dows can be tempered. 








Cylindrical Blocks 
of Lead Glass for 


Cerenkov-Counters 
of high refractive optical 
glasses, especially free 
from colour. 


JENA®® GLASWERK SCHOTT & GEN.,MAINZ 


Western Germany 
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The reactor of the first 
nuclear power station 
of the Federal Republic 
of Germany at Kahl 
attained first criticality 
on Nov. 13, 1960 

and is now approaching 
full power operation. 





ALLGEMEINE ELEKTRICITATS-GESELLSCHAFT 
Berlin (West) Frankfurt (Main) 


Nuclear Energy Department Export Department 








B A B CG © 4 DEUTSCHE BABCOCK’s years ahead... 


developing the Power Station of the Future 


The consumption of electric power in Europe doubles every eight to ten years. Irrespective of large reserves of 
coal, oil and gas, forming the basis of modern power generation, nuclear power will play an important part in 
the foreseeable future. 

In Germany, too, considerable efforts are made in this area. Research reactors are already in operation. Large 
power reactors are under design and will be built in the not too far distant future. Babcock’s are also making 
their contribution to the progress in this field. Qualified engineers and physicists are developing an advanced 
gas-cooled reactor with an electric output of 150 MW. Furthermore, interesting proposals are available for 
small gas-cooled reactors, the electrical power ranging from 10 to 50 MW. The reactors for ship propulsion 
offered by Babcock’s are of the gas-cooled and of the pressurized water type. 

The design work is based upon a large-scale experimental research programme. Babcock’s have an up-to-date 
laboratory for reactor physics and engineering. Their pulsed neutron generator has important applications in 
areas of reactor engineering and basic neutron physics. 
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Babcock’s are also offering 


Nuclear studies and developments, research reactors, irradiation and experimental facilities, storage blocks for spent fuel 


elements, water decontamination plants, steam raising units, heat exchangers, auxiliary systems connected to reactor circuits, 
reactor pools, test rigs, all sorts of fittings and mountings, shieldings. 


DEUTSCHE BABCOCK & WILCOX-DAMPFKESSEL-WERKE AG:OBERHAUSEN (RHEINL) 
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CRUOGENICS 
FOR 


NUCLEGNICS 





Plant for the production of deuterium, 
hydrogen and carbon dioxyde; ouri- 
fication plant for reactor cooling gases 
and protecting gases; refrigeration 
plant down to liquid helium tempera- 
ture 


Storage tanks and transport vessels 
for liquid gases 


Rare gases and gas mixtures of high- 
est purity supplied in glass bulbs or 
in steel cylinders 


Equipment for modern welding tech- 
nique 


GESELLSCHAFT FUR LINDE’S EISMASCHINEN AKTIENGESELLSCHAFT 


ZWEIGNIEDERLASSUNG HOLLRIEGELSKREUTH HOLLRIEGELSKREUTH NEAR MUNICH - WESTERN “GERMANY 














y ACU-BLAST is the most effective method for 


in situ grit blasting of complicated fabrications. 

The majority of aust is recovered at the work surface. 
Excellent means are provided for vacuum recovery 

of spent abrasive. 

Visibility is greatly improved by evacuation of dust. 
Filtered and air-washed abrasive ensures a cleaner grit 


blasted surface for application of protective coatings. 
Any weldment or fabrication of unusual size can be 
grit blasted in this manner. 


VACU-BLAST LTD., 
enquiries WELLCROFT ROAD, SLOUGH, BUCKS. 
S 24507/8]9. 


Circle No. 37 on reply card for further details NUCLEAR POWER March 1961 





PARIS FROM MAY STH TO MAY 17 TH 1961 


MESUCORA 


INTERNATIONAL EXHIBITION 
MEASUREMENT - CONTROL - REGULATION - AUTOMATION 
AND 58TH EXHIBITION OF THE 
“SOCIETE FRANCAISE DE PHYSIQUE” 
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The First French Exhibition exclusively devoted to these techniques, the most 
important and the most international one organised in Europe. 


An International Congress, the subject of which will be “ Recent progress in the 
fields of Measurement Control and Automatic Regulation, resulting from the co- 
ordination of Electric, Electronic and Mechanical Techniques.” 


700 Exhibitors - 14 nations - 35,000 square metres. 


The most recent discoveries and appliances of theoretical and experimental 
research. 


The most refined measurement and control equipments, materials and methods; 


their applications to regulation and automation in the fields of industry and 
public services. 


An unprecedented gathering, an international conference of the highest technical 
value, which 


ALL responsible persons in industry and public services, 

ALL engineers and research workers, and 

ALL teachers and students of advanced technology and science 
MUST VISIT 


centre nationaides industries et des techniques 


Call on : MESUCORA - Service Propagande - 40, rue du Colisée - Paris 8° - 
Tél. BALZAC 77-50 


FRANCE for the complete documentation, stating if you want it in French, German 
or English. 
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%* No larger than the average 
cuff-link 


je— .78” ——o| ' ; : 
ACTUAL SIZE % New mechanism has mechanical life 


The New of at least 10 million operations 
BURGESS * Three types of solder terminals available 


\-4  Gomprehensive range of auxiliary actuators 








BURGESS PRODUCTS COMPANY LTD, MICRO SWITCH DIVISION, DUKES WAY, TEAM VALLEY, GATESHEAD 11 
Telephone: Low Fell 75322. Telex: 53-229 London Office: 127 Victoria Street, SW1. Telephone: TATe Gallery 0251 Telex: 25601 
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HOPKINSONS’ 


VALVES 
FOR TRAWSFYNYDD 


Britain’s latest nuclear power station will be equipped with HOPKINSONS’ mountings and valves for 
the heat exchangers and HOPKINSONS’ “Tansphere” valves have again been chosen as the main 
isolating valves for the gas circuits. The equipment also includes electric valve controls and automatic 
pump leak-off units. 









66” bore ““Tansphere”’ valve 
for gas ducts between re- 
actor and heat exchangers. 








Control unit for automatic 
operation of 66” “‘Tan- 
sphere” valve. 


= 





Hopkinsons’ valves and auxiliary fittings have 
been supplied or are on order for 


BERKELEY HINKLEY POINT 

BRADWELL HUNTERSTON 
CALDER HALL LATINA 
CHAPELCROSS TRAWSFYNYDD 

DOUNREAY WINDSCALE 

















— —— 


HOPKINSONS LIMITED - HUDDERSFIELD 
@)- 


LONDON OFFICE: 34 NORFOLK STREET - STRAND W.C.2 vvins 
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WALKER’S HELP KEEP 
BRITAIN’S LEAD IN 
NUCLEAR POWER 


WALKERS 
‘LION 


CHEVRON 
& 
TWINSET 


Packings on 4,500 ton press The illustration above shows this giant plate press 
built by Messrs. Fielding & Platt. 
Walker’s packings are used throughout a 4,500 

ton hydraulic plate press at Whessoe Ltd., 

Darlington. Possibly the largest of its type in Free technical literature on 
the world, it was designed specially for the Walker’s ‘Lion’ Chevron and 
shaping of spherical pressure vessels for atomic Twinset packings, which are giv- 
power stations. The pressure vessels (made ing such outstanding service on all 
from well over 1,000 tons of steel) have walls ¢5 of presses throughout the 
up to 4 inches thick which are pressed from OR, SE Oe a ay ae 
plates weighing up to 10 tons. 


James WALKER & CO. LTD. 
‘LION’ WORKS, WOKING, SURREY, ENGLAND 
Telephone : Woking 2432 (Telex. 8521 ). Telegrams : ‘Lioncelle Woking Telex’ 
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OUTLET :2 


Send for details of this complete range of level indicators and 
recorders used throughout the world to answer almost every 
level problem involving any liquid or free-flowing solid regard- 
less of conductivity, insulating value, density or corrosive 





properties. 
@ Simple to install. / 
@ Single or multiple units for centralised indication and j 
control. - 
@ Up to 250 feet of cable length between controller and 
sensing electrode. SEND FOR (oye) Meleis) 
@ No moving parts in the container. 
@ Over 100,000 installed throughout the world. — 4 
a Please send me your 12 page catalogue yy 
@ of instruments for level control and @& 
The range includes the famous 4 indication. ® 
FTEKTOR ive controuer ne = 
_— . | SR toe - 
T fi ee 8 
I ELS OR LEVEL INDICATOR oy ae 
REGD. ef naeddbveneodehisés hepiensseoes mh 
ME ATTENTION OF bd 
a a 
Be tsinp bil 


FIELDEN ELECTRONICS LTD - WYTHENSHAWE - MANCHESTER Phone: Wythenshawe 325! (4 lines) Grams: Humidity Manchester 


Indicating 
ALSO AUSTRALIA, ITALY AND CANADA Branch Offices: LONDON, WALSALL, STOCKTON-ON-TEES, EDINBURGH (A. R. BOLTON LTD) Recording 
Agents throughout the world AND DUBLIN Control 
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‘Every man to bis own trade — 
--. and our trade is STE E LY! 


Not only mild steel for everyday use but also the special steels 
demanded by the Nuclear Age . . . Consett nuclear steels were 
selected for use in the British Nuclear Plants at Bradwell, 
Chapelcross, Calder Hall and now Dungeness, as well as the 
new Italian plant at Latina. 

An interesting booklet ‘‘ Steels for the Job” 


published at Consett describes some of our 
newer products. We shall be delighted to send you a copy. 


Our technical and research department will also welcome 


enquiries from any whose problem is. . . STEEL 


YOU SHOULD HAVE 
THIS BOOK. 


CONSETT IRON COMPANY LIMITED. CONSETT, COUNTY DURHAM 


Telephone : Consett 341 (12 lines) Telegrams: Steel Phone Consett. 
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1.C.1. has supplied 
two complete 

liquid carbon dioxide 
storage tanks, each 
of 124 tons capacity, 
for the U.K.A.E.A.’s 
Advanced Gas-cooled 
Reactor at Windscale 
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IMPERIAL «CHEMICAL INDUSTRIES UF 


——“"TIOUID CARBON” GISXIDE 


A storage tank of 5 tons capacity has also been supplied for the Hero 
reactor at Windscale. And specially constructed tankers of 9 or 10 tons 
capacity already make express deliveries of licuid carbon dioxide to the 
U.K.A.E.A. power stations at Calder Hall and Chapel Cross. 

1.C.1. liquid carbon dioxide fully meets the exacting requirements of the 
atomic energy industry—and is available whenever and wherever it’s wanted. 
For more than 25 years, I.C.I. has been producing pure liquid carbon dioxide 
in a continuously running plant. Production capacity has guaranteed — and 
continues to guarantee—regular and adequate supplies in bulk. 

For development projects and experimental work, the ‘Drikold’ Liquefier is 
available — inexpensive, simple and quick to operate. 


Full information on request 
IMPERIAL CHEMICAL INDUSTRIES LTD., LONDON S.W.1. 


DK.324 
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two outstanding 
electronic 
instruments by 
KENT, 


from which to... 


Both these modern high-speed indicator-recorders 
offer every user-advantage: plug-in modular 
construction, maximum accessibility, minimum 
maintenance etc. Both are available also as 
automatic controllers. Common electronic systems 
are employed, and the KENT series of 

amplifiers provides for a wide range of input 
conditions in temperature (thermocouple etc.), 
millivoltage, oxygen-percentage and 
electrolytic-conductivity measurement. The Mark 3— 
strip-chart recording—is available in up to 
16-point form, depending on application. 

Both instrument types, in potentiometric version, 
incorporate the latest Zener-diode reference unit, 
which dispenses with standard cell etc. 


Write or telephone (Luton 2440) 
for descriptive literature today. 








“Type 3’’ Reference Unit 
An extremely accurate constant- 
voltage source providing the 
necessary highly stable d.c. 
supply for the instrument mea- 
suring circuit 


“Type I’? Quadrature Suppressor 
Based on the KENT-patented thermistor potent- 
iometer, this unit eliminates any quadrature 
component in the amplifier input (conductivity 
and electro-magnetic flow measurement) 
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“Mark 3” indicator-recorder 





“¢ der KE” indicator-recorder 








masters of instrumentation 


GEORGE KENT LIMITED 

LUTON - BEDFORDSHIRE - ENGLAND 

Telephone: Luton 2440 

Cables and Telegrams: Kents Luton Telex 
Registered Offi.e’ 199-201 High Holborn, London, W.C.1 


Factories, Subsidiary Companies, Branch Offices, and Technical 
Representatives throughout the world 
TA4418 
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VIEWPOINTS letters to the Editor 


Jason procedure 


SIR: On page 105 of your December 
issue there is a serious error in the 
description given of the procedure for 
measuring the differential control rod 
worth in JASON. 

If any operator should be misguided 
enough to follow the procedure exactly 
as described, he will find himself in the 
embarrassing situation of having both 
control rods fully withdrawn. Even on 
a low-reactivity system like JASON this 
must surely be regarded as undesirable, 
but on a high flux system the result 
could well be spectacular. 

In view of the increasing numbers of 
‘private operators’ in the reactor operat- 
ing field, the correct procedure should be 
published. It should also be made clear 
that the method is only useful for 
graphite moderated reactors, and even 
then is of doubtful value, since the rods 
are not in their true operational con- 
figuration. 

K. J. BOBIN 
REACTOR SUPERINTENDENT, PLUTO 


Direct generation of electricity 


SIR: I should like to thank Mr Scorgie 
(Viewpoints, February) for requesting 
amplification of certain statements in my 
article; he will understand that, in view 
of the wide scope, it was necessary to 
generalize on a number of points so as 
to give a broad understanding of the 
characteristics and problems involved. 

On the first point, (T,-T))/T, is merely 
the Carnot cycle efficiency (see p. 100, 
Part I, Nuclear Power, June 1960) 
for the thermodynamic process in the 
generator. It will always be found that 
the actual efficiency (defined as the ratio 
of electrical power output to the differ- 
ence in enthalpy between generator inlet 
and outlet) will always be less than the 
temperature function, irrespective of 
whether the cycle is regenerative. 

My statement on the constant-pressure, 
constant-temperature generator is clearly 
a simplification of the behaviour in 
practice, since the electrical conductivity 
of the gases is not infinite. The electrical 
conductivity, for a given pressure and 
alkali metal vapour concentration, is 
extremely sensitive to temperature; at a 
given temperature, and for the pressures 
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of interest, the variation with pressure is 

much less. Consequently, the variation 

of electrical conductivity in a generator 
with even approximately constant tem- 

perature will be much less than in a 

constant-velocity generator; this was the 

main point of the statement, since a 

wide variation of electrical conductivity 

implies instability and losses. 

The analysis of generator behaviour 
presents many difficulties; Mr Scorgie 
and other interested readers may like 
to refer to recent reports from Westing- 
house Electric Corporation’: * and 
Republic Aviation Corporation® in which 
approximate derivations of theory are 
given. 

DR B. C. LINDLEY 
FUTURE STUDIES SECTION 

C. A. Parsons & Co. Ltd 

1. S. Way, Westinghouse Research Laboratories 
Scientific Paper 6-40509-2-P2, April 1960. 

2. S. Way and R. L. Hundstad, Westinghouse 
Research Laboratories Scientific Paper 
6-40509-2-P3, August 1960. 

3. W. Coe and C. Eisen, Republic Aviation 


Corporation Plasma Propulsion Laboratory 
PPL-TN-60-7, March 1960. 


Isotopes and industry 


SIR : Mr Fisher and Mr Johnston in 
their letters (February, 1961 and Sep- 
tember, 1960 respectively) are too severe 
about industry’s ‘lack of response’ to 
the use of radioisotopes. Figures show- 
ing savings to industry through the use of 
radioisotopes relate to the year 1958 
when questionnaires were circulated to 
some 700 firms. It was on the basis of 
their replies that the conservative esti- 
mates of £3-5 million annual savings and 
potential savings of £14-5 million were 
arrived at. Nearly three years have passed 
since then and it is reasonable to assume 
that actual annual savings are now in the 
region of £5 million or more annually. 

One also has to weigh industry’s 
response against the success of industrial 
applications of radioisotopes. I recall 
that irradiation of plastic materials to 
give different properties some years ago, 
was not as successful or cheap as first 
thought and was soon replaced by con- 
ventional methods which did the job 
more easily and cheaply. 

On balance, one should not express 
too much dissatisfaction with industry’s 
rate of acceptance of radioisotope tech- 


niques. British industry is moving 
steadily towards further use of radio- 
active techniques and is hardly as con- 
servative or backward as Mr Johnston 
would have us believe. 

P. BRETTEL 
Watford, Herts. 


The Israeli reactor 


SIR: Gracchus seems to imply that 
Israel (February issue, p. 82) was under 
obligation to have made public its 
intention to build a 24 MW reactor. 
I do not see that there was any need to 
do so. Israel, as a sovereign state, was 
under no such obligation. Rather, I 
should have thought that Gracchus 
should have directed his comments 
towards the undiplomatic methods used 
by the Americans to obtain further 
information about the reactor. A public 
television programme is hardly the usual 
method of diplomatic intercourse. 

London, E15 F. DAVIES 


Helium price 


SIR: With reference to an article 
appearing in your December issue on 
page 85, written by Mr P. C. Davidge 
on the subject of helium, we note that it 
is stated that the price of helium deliv- 
ered in Europe in bulk is £30/ft*. 

We are interested in knowing whether 
this figure is correct. 
Liquid Metals, Inc. 
Westford, Massachusetts 


L. G. BULLARD 


Mr Bullard refers to the sentence 
‘. . . approximate price for helium delivered 
in Europe in bulk is £30/ft® . .. This was a 
printing error and should have read 
£0-3/ft? or alternatively £30/1000 cubic 
feet. Ed. 








To keep in closer touch with 
readers’ views and preferences, we 
have, facing page 51, a readership 
survey form which readers, in their 
own interests, are asked to complete 
and return. 
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SOLARTROMN 


50 or 100-channel operation gives rapid, accurate 
0.1% absolute accuracy print-out of multichannel 


Low unit cost per channel data for every industry 
4-digit display and print-out 





Commutation by gold-contact 


sealed relays Write now for full details 


Rugged construction for THE SOLARTRON ELECTRONIC 


on-site industrial use GROUP LTD. 
Victoria Road, Farnborough, Hampshire 
Tel: Farnborough (Hants) 3000 
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Tiie West German nuclear scene 


DISSATISFACTION WITH the rate of progress of 
Germany’s nuclear power programme is being shown in 
some sectors of German industry. This rate is due 
partly to the existing system of financial aid, partly to 
the federal pattern of administration and to having no 
military nuclear programme to sustain domestic industry 
(as the Federal Minister points out in his preface to this 
issue). Some people would like to see overall co-ordina- 
tion and drive, with some risks taken, stem from a 
government supported organization similar in structure 
to the UKAEA or the USAEC. Federal Germany’s 
Atom Commission is only an advisory body with no 
executive power. A more cogent reason for national 
restlessness probably comes from comparison with 
achievements in those countries with a long record of 
nuclear development — the US, Britain and France. 
Even the critics, however, must see that the develop- 
ment of a modern nuclear industry has to progress in 
an orderly way and takes years to prepare; reliance on 
a ‘crash’ programme is not the best philosophy. 
Germany’s deposits of hard coal and lignite are vast 
but in view of the continuous increase in power con- 


sumption, she will no doubt, in time, be compelled to 


import some of her fuel. But she is in no great hurry 
to install nuclear power capacity of any great volume 
within the next five years at least. The primary aim is 
rather the provision of experimental plant that will give 
her the necessary technical and economic experience for 
the time when competitive large and small plants can 
be built that relate more realistically to the overall 
power programme. 

Consequently, when she entered the nuclear field in 
1955, Germany’s first nuclear power programme was not 
influenced by any compelling need to invest in a number 
of large uneconomic experimental power plants. One 
strong influence, however, has been national pride in 
industrial and technical prowess, and this has pointed to 
the eventual development of power reactors of German 
design, with a particular slant towards export models 
for under-developed countries. 

Whilst the 1965 programme is aimed at building five 
1OOMW units, a target that on the face of present pro- 
gress is going to be hard to attain without importing 
foreign designs, Germany is working along sound lines 
by taking, as the first step towards future assessment, 
the design and development of five different concepts in 
the small or medium power range. With five years to go 
for the completion of the existing programme, it is of 
interest to look at the current situation. 

On the credit side, two reactors have gone beyond 
the paper stage: the 15MWe boiling water reactor of 
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American design that has been critical since November 
1960, and the 15MWe gas-cooled pebble bed reactor of 
German design that is under construction but is not 
likely to be ready until at least 1963. Although neither is 
expected to produce power at a competitive price, they 
represent an important first step towards the develop- 
ment of small reactors that may serve as export models. 

Also on the credit side is the support that the Federal 
Government is giving to universities and other scientific 
and technological organizations. During the five years 
of its existence, it has provided a total of some 
DM.M200 (nearly £M17) towards nuclear research and 
development; DM.M43 have been allocated for reactor 
development; the remainder has gone to support the 
building or expansion of institutes and laboratories, the 
new nuclear research centres, and for special research 
equipment in the universities. This, of course, is addi- 
tional to subsidies from the Land governments. Whether 
the organization of basic research as we see it in 
Western Germany is more or less efficient compared with 
that in other countries, remains to be seen. There is 
much to be done, but the range of research facilities, 
both available and to become operational, is impressive. 

A large number of plans have been discussed, studied, 
rejected and amended; on paper are various reactor 
designs that cover boiling water, advanced gas-cooled, 
heavy water, high temperature gas-cooled, organic 
moderated, and pressurized water concepts. Some of 
these are under two to three year contracts; some will 
reach the hardware stage. The caution that has been 
exercised by the utilities, the shipyards and the govern- 
ment is now easing. Whilst the Federal Government 
does not envisage placing contracts for nuclear power 
plants, has limited its activities to development work 
by guaranteeing repayable loans, and expects investments 
to come mainly from industry, it is prepared to bear 
a specific proportion of the losses incurred in operating 
nuclear power plant. 

Admittedly KAHL is privately financed and is a credit 
to industrial enterprise, but of the estimated DM.M40 
(over £M3) for the construction of the 15MW avr plant, 
50% will be in the form of government aid. The 
acceptance of such a share of the total losses is intended 
as a guarantee for the repayment of interest and capital 
on the loans that operators of large installations will 
require to raise on the investment market. These 
assurances point to a more positive Federal attitude 
towards the nuclear companies who need definite pro- 
grammes to keep their scientific and technical staff 
together, and there is every possibility that the Atomic 
Ministry, taking note of well-meaning criticisms, will 
play a more energetic réle as central co-ordinator in the 
development of Germany’s nuclear power programme. 
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One of Shell’s recent achievements in Industrial 
Lubrication has been to reduce the risk of skin trouble 
for machine operators. Until the new Shell Dromus 
range, most modern soluble cutting oils contained 
phenolic compounds, which can cause skin irritation. 
They were used as coupling agents between the actual 
oil and the emulsifier. On high-speed machines, especi- 


lievement 


ally, the water evaporates and the emulsion concen- 
trates. And that’s when the trouble can start. Shell 
scientists found a better coupling agent, and 
made it work. And now, at no extra cost, 
management can reduce working risks for 

their staff. Write for the booklet ‘Selecting 

Your Cutting Oils’ to Shell-Mex House, London. — 


SHELL INDUSTRIAL OILS 
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New Reactor Group for the AEA 


London Major changes announced in the 
organization of the Atomic Energy Autho- 
rity will result in the forming of one new 
group devoted to the design and develop- 
ment of reactors and a rationalization of 
work between the AEA’s remaining groups. 

Primary responsibility for scientific and 
technical co-ordination throughout the 
Authority will fall upon Sir William Penny. 
He has been appointed to the new post of 
Deputy Chairman of the AEA. All the 
changes will take effect on April 1. 

Sir William Cook, at present Member 
for Development and Engineering, will be 
the Member for Reactors. Under him will 
be the Reactor Group, formed by modifying 
the structure of the Development and 
Engineering Group. This Group will also 
be responsible for relations in the reactor 
field with industry at home and with 
overseas countries. Under its control will 
come the Winfrith Research Establish- 
ment and the Dounreay project. 

The changes were decided upon after the 
Select Committee on Estimates, reporting 
in 1959 on the Industrial Group, recom- 
mended that the system of co-ordination be 
reviewed. These changes, the AEA say, are 


Jason power record 

London Hawker Siddeley Nuclear Power 
Co.’s privately-owned JASON reactor was 
recently brought up to and operated at 
100 kW—ten times the rating for which 
this particular version was _ originally 
designed. The company also say this is 
the highest rating that any reactor of this 
design has so far achieved. 

The operation yielded information on 
the effect of pump failure during operation 
at 100 kW and the removal of decay heat 
by thermal convection of air following the 
reactor scram (with water dumping) from 
full power. Three runs were made at 
100 kW, each of about 20 min duration. 
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designed to improve efficient working. 

The Development and _ Engineering 
Group’s existing responsibilities for design 
and construction of plant, works and 
buildings will be transferred to a new 
Engineering Group which will also take over 
from the Production Group its responsibi- 
lities for the design and inspection of fuel 
elements for production purposes. 

The structure of the Research Group, 
apart from the transfer of the Winfrith 
establishment, remains unchanged. The 
Weapons Group is unaffected by the new 
arrangements. 

Sir Leonard Owen’s responsibilities will 
now extend over the Production and 
Engineering Groups with the title of 
Member for Production and Engineering. 

The AEA also announced that the follow- 
ing appointments will take effect from 
April 1: director of the Research Group, 
Dr F. A. Vick (who will continue as 
director of AERE, Harwell); managing 
director, Reactor Group, Mr R. V. Moore; 
managing director, Engineering Group, 
Mr J. B. W. Cunningham and managing 
director, Production Group, Mr J. C. C. 
Stewart. 


e United Kingdom Further limited develop- 
ment on certain problems relating to heavy 
and light water systems has now been 
authorized, according to Sir Roger Makins, 
chairman of the AEA, speaking in India. 


French pile completed 

Paris A low power pile at Saclay, PEGGY, 
built for preliminary investigations into the 
physics of PEGASE, a 30 MWt light water 
moderated and cooled research reactor, 
has become operational. 

PEGASE is to be built at the Cadarache 
research centre and will be fuelled by 
enriched uranium (see 141, World Reactor 
Chart). It will be used for fuel testing. 


the month in atomic energy 


e Spain Formal permission to build a 
250 MW nuclear power station on the 
River Ebro, northern Spain, has been 
sought by Centrales Nucleares del Norte. 
e Holland Tenders are being sought for a 
new building to house an omr and a critical 
assembly (KRITO), Reactor Centrum Neder- 
land has announced. 


Calder Hall operating 
experience 


London One of Calder Hall’s four reactors 
has completed 12 months continuous 
operation. During this period, the reactor 
was generating electricity at full load for 
95-6% of the time. Continuous operation 
was from February 2, 1960 to January 31, 
1961 when the reactor was shut down for 
routine maintenance and change of fuel. 
No shut-down due to fuel element failure 
was necessary during these dates. 

The period not on full load was accounted 
for by the following (expressed as a per- 
centage of the total time): experimental 
work, 2:5; scheduled maintenance of 
ancillary equipment, 0-7; unscheduled 
blower maintenance, 0-6; unscheduled 
maintenance of other equipment, 0-4 and 
special tests on fuel elements, 0-2. 


DRAGON PROJECT. Work is pro- 
ceeding at a substantial rate on the 
building for the OEEC Dragon high 
temperature reactor project. This is 
a general view of the reactor building 
during back-filling operations 
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Parliament looks at nuclear power 


London The first experience that Britain 
will have of small reactors may well be on 
merchant ships, the House of Commons 
was told during the recent debate on 
nuclear power. The announcement was 
made by Mr J. C. George, Parliamentary 
Secretary to the Ministry of Power, after 
some criticism by members of the lack of 
development plans for small reactors. 

The debate itself was opened by Mr John 
Eden (MP, Bournemouth) who referred to 
the cost of tendering by the consortia. This 
was a waste of money, in his opinion. * It 
had previously been the practice to assign 
contracts’, he added. * Could we not make 
this quite clearly the programme for the 
remaining three consortia which exist 
now 7’, 

On exports, Mr Eden said he would like 
the Government to be more positive about 
encouraging the nuclear industry instead 
of apparently making it as difficult as 
possible for exports. He later added: * 1 am 
not the only person who thinks that. The 
journal entitled Nuclear Power in a Novem- 
ber, 1960, issue had this to say: ** Bumble- 
dom should give way to recognition that 
the nuclear industry can play a significant 
part in Britain’s export drive’. To strengthen 
our position in overseas markets, the 
Atomic Energy Authority can do quite a 
bit under the impetus of the Government 
in partnership with industry’. 

Mr Airey Neave (MP, Abingdon) said 
the AEA should make full use of the con- 
sortia in the design and development of 
reactor systems. At the moment, the AEA 
did the basic work, the remainder being 
handed out piecemeal to the firms in a way 
that was very unsatisfactory from the 
planning point of view. 

In his reply the Parliamentary Secretary 
to the Ministry of Power referred to the 
question of amortization. He pointed out 
that the life of 20 years for a nuclear power 
station had been settled on for many 
sound reasons but ‘ we are not certain about 


New uranium agreements 


London The new agreements entered into 
by the South African Atomic Energy Board 
and the USAEC and the UKAEA provide 
for a stretch-out of uranium deliveries and 
a fixed price for metal supplied by South 
African producers. The agreements extend 
the delivery date from January 1, 1961-1966 
of present arrangements to December 31, 
1970. The USAEC announced that the new 
contract will be at a fixed price averaging 
approximately $11-20 per Ib of U,0, FOB 
vessel, Durban, South Africa, about 60 
cents per Ib less than the previous price. 


e France A co-operation agreement on 
nuclear energy has been signed with South 
Vietnam. 


54 


the life of the stations we are building. 
We are not certain of the life of the graphite 
within the reactor but we know with 
reasonable certainty that techniques will 
improve’. He added that caution should be 
exercised. 

On the nuclear power programme, Mr 
George said it was the Government’s view 
that the present programme should sustain 
an industry of size and efficiency capable 
of competing with success abroad and of 
expanding the industry to meet the country’s 
own needs. It was recognized that the cost 
of tendering had to be borne in the price of 
a nuclear power station but tendering was 
a normal, sound business precaution. He 
did not hold out any hope that competition 
should be abandoned and selection adopted. 

On the economics of small reactors, Mr 
George said it had been inferred that the 
AEA was not alive to the importance of 
small reactors. ‘It may be that the first 
experience that this country will get of 
small reactors will be on merchant ships,’ 
he continued. ‘It has been suggested that 
we are not devoting a great deal of time to 
evolving a small nuclear reactor. Our 
experience from the systems of which we 
are aware at the moment...is_ that 
efficiency increases with size. It does not 
seem possible to construct a small nuclear 
station to provide power at anything like 
an economic price.’ 

Later, Mr George referred to plutonium 
and said that AEA felt in the long term, 
this would assist towards the development 
of small reactors. In the short term, the 
policy was to learn what was likely to be 
achieved in marine propulsion and to devote 
every effort to study what was happening 
abroad. ‘There is a future for small 
nuclear power stations abroad and indeed 
at home,’ he commented. ‘ We believe the 
time has not yet come but, having got a 
lead in the bigger aspect of power stations, 
we will not neglect the possibility of 
getting a lead with the small ones.’ 


Hunterston progress 


London A start has been made on the 
installation of the gas circulators and 
tubing inside two of the five steam raising 
unit shells associated with the first reactor 
at Hunterston nuclear generating station, 
the GEC reports. These five shells have 
now been placed on their plinths. 

Reactor A_ pressure vessel is being 
prepared for stress-relief and about a 
quarter of the bottom head has been 
externally lagged. The main activity inside 
Reactor B is connected with the fabrication 
of the pressure vessel. The scheduled 
criticality date for Reactor A is August 
1962 and for Reactor B, May, 1963. 


e United Kingdom Work has started at 
Vickers-Armstrongs’ yard at Barrow on 
prefabricated sections for Britain’s second 
nuclear submarine. 


e@ United Kingdom The Electricity (Amend- 
ment) Bill enabling the CEGB to produce 
radioisotopes has been passed by the 
House of Commons. It was given a second 
reading in the House of Lords recently. 


e Holland The NV Neratoom combine is 
to build a core-support structure for the 
OEEC DRAGON high-temperature reactor 
project. 

e Belgium About 2900 million francs has 
been invested in the Mol centre, the Under 
Secretary of State for Power Economy told 
the Senate. 


e France The US has supplied 20 kilograms 
of enriched uranium for the prototype 
submarine project being built at Cadarache. 


Concrete pressure vessel 
for EDF-3 


Paris The proposed 400 MW epr-3 power 
reactor is to have a concrete pressure 
vessel, Electricité de France announced 
recently. After long study, the company 
stated, this material was preferred to the 
steel vessels used in EDF-1 and EDF-2. 

This expected announcement came after 
it was disclosed at the Atomic Industrial 
Forum annual conference that for con- 
ditions in France, it was cheaper to use 
steel vessels for reactors in the range of 
200 MW and pre-stressed concrete above 
200 MW. This was stated by M. Andre 
Hannothiaux, Contrdéleur Général de 
lEquipment, Electricité de France, in a 
paper before the conference. 

Referring to EpF-3, M. Hannothiaux said 
it would be the last reactor built at the 
Chinon site. It would have a net electrical 
output capacity of at least 400 MW (with 
two generating units of 250 MW each). He 
added: ‘ The originality of this gas-cooled 
reactor resides in the fact that the vertical 
reactor vessel will be made out of pre- 
stressed concrete. We have adopted this 
technique strictly for economic reasons. For 
EDF-3, we have put the conventional steel 
vessels in competition with pre-stressed con- 
crete vessels. The bids we have received show 
that, for the conditions existing in France, 
it is cheaper to use steel vessels for reactors 
in the range of 200 MW net and pre-stressed 
concrete above 200 MW’. 

For epF-4, nothing definite had been 
decided. The tendency at this time would 
be to use a design similar to that of EDF-3. 
M. Hannothiaux pointed out: ‘ We feel 
that the size we are planning for EDF-3 i.e. 
500 MW gross for the second core, is 
probably the optimum size for a reactor 
producing power at a competitive cost. 
And EpF-4 may well be the first in a series 
of reactors which could compete economi- 
cally with conventional stations’. 
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fF: nkley pressure vessel is 
ested successfully 


L m The No. 1 reactor pressure vessel 
ait ‘he 500 MW Hinkley Point nuclear 
power station has_ been successfully 
pressure-tested at the highest pressure so 
far produced in vessels of this kind, says 
an English Electric/Babcock & Wilcox 
Taylor Woodrow announcement. The 
operation was carried out without incident 
ind completed six hours ahead of schedule. 
[he pressure vessel, a 67 ft diameter sphere 
vith 3 in thick mild steel plate, withstood 
1 pressure of 310 Ib/in?, over 14 times the 
pressure it will have to stand in service. 


New plasma project 
at Aldermaston 


Glasgow Research work on project Phoenix 
at the Atomics Weapons Research Estab- 
lishment, Aldermaston, was described by 
Dr S. C. Curran, principal of the Royal 
College of Science and Technology, in his 
Kelvin lecture to the Royal Philosophical 
Society of Glasgow recently. 

This plasma experiment, using the mirror 
principle, was designed to raise a small 
mass of hydrogen to a temperature of 
more than 100 million degrees Centigrade, 
forming a tiny star which would last for 
about a second and could be repeated as 
often as desired. 


New AEA reactor 


London A Versatile Experimental Reactor 
Assembly, VERA, went critical on February 
22 at Aldermaston. This low power reactor 
has a variable core composition and will 
be used to study the safety and storing of 
fissile material. It is designed to separate 
into two parts for safe loading. The two 
parts are brought together slowly by remote 
control. 


Consortia team may visit 
the Soviet Union 


London A British team drawn from the 
consortia may visit the Soviet Union. 
Nuclear Power understands that pre- 
liminary approaches from Soviet officials 
have been made with a view to an exchange 
of Soviet and British teams in the reactor 
design and construction field. Basis for the 
exchange is the recent Soviet-British 
cultural agreement which provides for an 
exchange of scientific personnel. 


e Sweden The Stockholm Isotope-Tech- 
nical Laboratory reports that main work in 
the first year of operation has concentrated 
on tracer methods. 


NUCLEAR POWER March: 1961 





é ‘Ones of 














BERKELEY POWER STATION 


One reactor at Berkeley is due to 
come into operation before the end 
of this year. No. | reactor will be 
charged with fuel in April and the 
charge/discharge machinery was 
recently scheduled to undergo 
testing with actual fuel elements 
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Top right: The pile cap of No. 2 Reactor immediately after the final concrete 
pour of the cap and prior to the establishment of ‘clean conditions’. Top left: The 
turbine hall showing the four 83 MW turbo alternators virtually complete. Bottom 
right: One of the charge/discharge machines immediately prior to test on the 
pile cap of No. 1 Reactor. Bottom left: A section of the main Control Room 
showing all the boiler controls in the background and the control dais 


Cockcroft on fuel burn-up 


London British experience in the *burn-up’ 
of fuel elements has so far reached a 
maximum of 2000 megawatt days per ton, 
Sir John Cockcroft told a symposium at 
Trombay, India, recently. 

He added that of approximately 10,000 
fuel elements that were loaded into each 
reactor at Calder Hall every year, only 
about 0-05°% developed faults during the 
one year irradiation period. These faults 
had been due either to a small hole in the 
end weld which went undetected by the 
inspection proceeded in the factory or to 
faults in welds produced by subsequent 
handling or to intergranular leakage. 

As a result of accumulated experience, 
confidence was now felt that the design 
target of an average irradiation of 3000 
megawatt days per ton for CEGB power 
stations would be reached. 

The reaction between carbon dioxide and 
graphite leading to carbon monoxide 
formation which could lead to mass transfer 
of carbon if it were excessive had been 
studied. Sir John added: ‘ Our experience 
shows that the carbon monoxide concentra- 
tion increases to 0-5°% and confirms 
predictions made from experiments we 


carried out on this reaction in our research 
reactor BEPO. We have not been able to 
detect any mass transfer of carbon.’ 

Sir John later pointed out that the 
temperature of operation in the first 
generation of CEGB stations was limited 
by the increasing plasticity of uranium 
metal and of the magnesium alloy cans. 
These limitations could be removed by 
changing to uranium oxide fuel elements 
canned either in stainless steel or possibly 
beryllium metal. Sintered UO, had a 
melting point of about 2300°C and it 
withstood radiation damage very well so 
that burn-ups of the order of 10,000 mega- 
watt days per ton should ultimately be 
possible. 

Because of the high operating tempera- 
ture (of the AGR), the reaction between CO, 
and graphite leading to CO production 
and possible mass transfer of carbon would 
be more important and experiments had 
been carried out in BEPO and DIDO to check 
whether this gas reaction would lead to 
difficulties. Present results suggested that by 
maintaining the CO concentration at a 
level of about 5%, the gas reaction should 
not be troublesome. 









































































OVERSEAS 


AEC presents report for 1960 


Canada and the United 
Kingdom were joined by Belgium, France 
and Israel as the main foreign suppliers of 
radioisotopes to the United States, says 
the AEC annual report for 1960. Imports 
totalled $1,145,015 (£400,000) in 1959 
compared with $907,851 (£324,000) in 1958. 

Meanwhile, shipments of radioisotopes 
to foreign countries continued to increase. 
The AEC and private processors, combined, 
made some 4857 shipments during 1960 
compared with 3252 in 1959. 

Reactor developments: Under active design 
or construction as of mid-1960 were 66 
civilian and military reactors with a total 
estimated cost of $1328 million, exclusive 
of reactors for propulsion of naval vessels 
and aircraft and space reactor work. 
During the latter part of 1960, two more 
nuclear power plants (Dresden and Yankee) 
began producing electricity, adding 290 
MW to the national nuclear electrical 
capacity. Fifteen power reactor projects 
now underway are scheduled for completion 
before the end of 1963. Nearly 300 MW of 
electrical capacity are to reach criticality 
in 1961, some 350 MW in 1962 and 40 MW 
in 1963. 

Industrial development: Industry in gene- 
ral continued to operate as in 1959. Business 
in radioisotopes continued its steady 
growth. Licensed industrial users increased 
by 11°, during 1960 after a 16°% rise during 
1959. Because isotope production facilities 
for fission products were shut down for 
some nine months, total curies shipped 
declined by 14° after a 20% rise in 1959. 
The backlog of orders awaiting delivery 
was many times the total shipped during 
the previous year, the AEC report notes. 

The continued rise in the number of 
industrial occurred after major 
manufacturers of gauging equipment began 
operating after an AEC regulation which 
permits the sales of gauges under general 
licenses instead of under an_ individual 
license for each user. It is now estimated 


Washington 


licenses 


that between 5000 to 6000 radioisotope 
gauges are now in use of which some 1000 
were marketed during 1960. Radioisotopes 
and equipment imported into the US during 
1959 totalled more than $1-1 million of 
which more than 80% came from Canada. 

Fuel processing: Orders placed by the 
AEC and its principal contractors with 
commercial sources for conversion of 
uranium hexaflouride to materials suitable 
for fuel elements, and for the fabrication of 
fuel elements rose from $41-4 million 
(£15 million) in 1959 to $52-4 million 
(£18-5 million) in 1960, an increase of 26%. 
The amounts represented, in large part, 
orders for naval reactor cores. 

Other items from the report include: 

A decision not to proceed with the helium 
cooled, graphite moderated 3 MWt TURRET 
reactor planned by Los Alamos Scientific 
Laboratory because of greatly increased 
costs and because other reactors could be 
used for experiments. TURRET was to 
demonstrate very high temperature gas- 
cooling with unclad uranium impregnated 
graphite fuel. 

Work on the Homogeneous Reactor 
Experiment No. 2 at Oak Ridge will end 
in 1961 in favour of increased development 
of the molten salt concept. In addition, 
the report says Aerojet—General Nucleo- 
nics’ work on the boiling sulphur concept 
ended because corrosion rates appeared 
excessive. 

A 10 MWt experimental liquid metal 
cooled reactor, PWAC-lICc, is being built at 
the Idaho Testing Station for aircraft 
propulsion work. 

Work was delayed on the 75 MW 
sodium graphite Hallam reactor when the 
65 ton reactor vessel rolled off a truck 
trailer. There was no serious damage. 

Cracks were detected in four 16in 
reactor vessel nozzles and criticality of 
the 22 MW Elk River closed cycle BwR 
with superheater was delayed. Repairs 
took six weeks. 


More funds for AEC reactor projects 


Washington Major development work on 
seven reactor types and preliminary studies 
and experimental work on a number of 
other reactor concepts will cost an estimated 
$250 million (£90 million) in 1962 according 
to the Atomic Energy Commission’s 
budget for the year ending June 30, 1962. 

Expenditure for that year is estimated at 
$2-68 thousand million dollars compared 
with $2:66 thousand million in 1961. 
During the year, two more high energy 
accelerators, at Cambridge, Mass., and 
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Princeton, New Jersey, will begin operation. 
The total number of major Government- 
owned experimental power reactors in 
operation will increase by five to a total 
of 10 and the number of power reactors 
operating in public and private utility 
systems will increase from three to 10. The 
1962 budget proposes additional funds for 
co-operative arrangements with private and 
public power groups in undertaking atomic 
power projects which would further the 
objectives of the development programme. 


e India Tenders for the 300 MW Tarapore 
plant have to be submitted by the end o 
March, according to Dr H. J. Bhabha 
chairman of the Indian AEC. The Com 
mission intends to produce the fuel for the 
project. 

e Japan A team of five experts is to visit 
the USA, the UK, France and Belgium on 
a 50 day tour in early April to study 
reprocessing of nuclear fuei. 

e United States AMF Atomics has asked 
for a ten month extension of its licence to 
export the rest of a 1 MW research reactor 
to the Portuguese Junta de Energia Nucleari 
because of delays to the latter’s construction 
programme. 

e USSR The Soviet Union has offered to 
help Pakistan develop her nuclear power 
programme. 


Los Angeles withdraws from 

BWR project 
Los Angeles The Los Angeles Department 
of Water and Power has now informed the 
AEC that it wants to withdraw from the 
project to build a 50 MW Intermediate 
Cycle BwR at Haskell Canyon. This 
decision follows the recent announcement 
by the AEC that Allis-Chalmers had been 
selected to build the plant after previously 
stating that GE of the US had been awarded 
the contract (See Worldview, February, 
p 58). 

Reasons for the Los Angeles With- 
drawal are that the AEC Reactor Safe- 
guards Committee thinks the chosen site is 
unsuitable for a larger reactor than the 
one planned (the 50 MW sBwr was a 
prototype for a 300 MW plant) and because 
the project will now cost more than 
originally planned. The city of Pasadena 
was associated with the project. 


Japan seeks second reactor 


Tokyo A final decision on a second power 
reactor for Japan is likely soon. This 
follows a recent meeting by heads of nine 
electric utilities when it was proposed that 
the Japan Atomic Power Company, the 
company building the Tokai-Mura 150 MW 
reactor, be responsible for installing the 
reactor, probably in the Kansai district. 

It was also stated recently in the British 
House of Commons by the Parliamentary 
Secretary to the Ministry of Power that 
Japan was considering a second (nuclear 
power) station. He was speaking in a debate 
on the British nuclear power programme 
(see Worldview this issue). 

Under the revised Development Pro- 
gramme for Nuclear Power, the Japanese 
AEC foresees that in the first 1000 MW 
stage (up to 1970) five reactors would be 
built and imported. The AEC has urged 
that an early decision be made on a light 
water reactor type for the second import. 
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ATOMIC ENERGY 
IN THE GERMAN 
FEDTRAL REPUBLIC 


Dr Siegfried Balke, Federal Minister for Atomic 


Energy, writes this preface for Nuclear Power’s 


special issue on 


German atomic industry are, for the most part, conditioned 
by two main factors. The first is that on political grounds, 
the Federal Republic could not begin nuclear research 
and development work until May, 1955, by which time 
reactor types were on hand in the leading nuclear countries. 

This belated entry means that an industrialized country 
has to make up this leeway over a period of years. But there 
is also an advantage to this late start. German industry can 
learn from the experience of overseas associates, i.e. it can 
buy tried and tested equipment on the open market and it 
does not need to carry out again work which has been 
completed. In view of this, German development work, 
particularly on reactors, is based on adopted designs or the 
further development of concepts from abroad. Domestic 
building, such as high temperature reactors, only started 
recently. 

The second point is that because the Federal Government 
has renounced the manufacture of nuclear weapons, military 
considerations do not enter into the planning of German 
nuclear programmes. Development now in progress is aimed 
solely at peaceful purposes. This renunciation means that 
Germany’s nuclear industry, in contrast with that in countries 
producing nuclear weapons, will not benefit from funds 
accruing from military budgets. 

The energy policy pursued by the Federal Government aims 
at incorporating the nuclear energy industry into the normal 
competitive framework. Then, the public utilities can decide 
on the basis of competitive considerations whether, and when, 
they wish to cover the increase in energy requirements in their 
supply area with heat and electrical energy from fission. 
In this way, the rate of investment in large nuclear power 
stations depends primarily on their competitiveness with 
conventional stations. 

Since the principle of free competition demands basically 
that energy production installation investment be covered by 
private initiative, it is understandable that electricity producers 
strive mainly to cover the financial risks that they, without 
doubt, will incur by building nuclear power stations—as long 
as the cost of nuclear units is higher than that of power from 
other sources. Even though the margin of risk is influenced 
both by changes on the energy market—which can be very 
rapid—and by the locality, the question of investment 
financing of nuclear power stations is, nevertheless, well to the 
fore in the Federal Republic 

With my encouragement, the German reactor industry has 


ye CURRENT position and development trends in the 
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Atomic Energy in the 
German Federal Republic 


German 


developments 


prepared a supplementary programme for the development 
and construction of prototypes of medium-powered reactors. 
These are of special interest for underdeveloped countries 
who are just building up their own industries. I believe it 
expedient to point out here that the German reactor firms 
which began four or .five years ago to develop reactors of 
around 125 MW, have maintained their choice of reactor 
type for the supplementary programme for medium sized 
units. Certainly, this is in part due to the fact that some 
companies can obtain details of progress abroad with specified 
reactors. However, it also demonstrates that all the types 
believed four or five years ago by German industry to be 
promising, are still considered so. 

Activity to date shows that the German development 
programmes are not as ambitious as in countries with 
advanced nuclear technology. Nevertheless, it does ensure 
that in the framework of world development, Germany will 
have a substantial place. The major concern in West Germany 
is to support scientific research and to maintain technological 
development which will guarantee the availability of up-to- 
date techniques when economic conditions are ripe. 

As the Federal Minister responsible for the development of 
nuclear technology, I am striving to steer a course between 
the Scylla of atomic hysteria and the Charybdis of atomic 
apathy. This demands a sober appraisal of all the possibilities 
inherent in this new development. A highly industrialised 
country such as ours must not do so little that she cannot 
meet international commitments in a way commensurate with 
her international economic importance. Germany must also 
not do too much so as not to be suspected of working on 
projects which she has renounced. 

I am sure that this philosophy is valid both politically and 
economically. It rejects sensational and utopian plans; it is 
continuously striving to develop scientific bases and stems 
from the certainly that the dangers of this new technology can 
be overcome by enlightened work. The industrial application 
of nuclear energy will assure and expand the possibilities of 


human existence. 
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OVERSEAS 


AEC presents report for 1960 


Canada and the United 
Kingdom were joined by Belgium, France 
and Israel as the main foreign suppliers of 
radioisotopes to the United States, says 
the AEC annual report for 1960. Imports 
totalled $1,145,015 (£400,000) in 1959 
compared with $907,851 (£324,000) in 1958. 

Meanwhile, shipments of radioisotopes 
to foreign countries continued to increase. 
The AEC and private processors, combined, 
made some 4857 shipments during 1960 
compared with 3252 in 1959. 

Reactor developments: Under active design 
or construction as of mid-1960 were 66 
civilian and military reactors with a total 
estimated cost of $1328 million, exclusive 
of reactors for propulsion of naval vessels 
and aircraft and space reactor work. 
During the latter part of 1960, two more 
nuclear power plants (Dresden and Yankee) 
began producing electricity, adding 290 
MW to the national nuclear electrical 
capacity. Fifteen power reactor projects 
now underway are scheduled for completion 
before the end of 1963. Nearly 300 MW of 
electrical capacity are to reach criticality 
in 1961, some 350 MW in 1962 and 40 MW 
in 1963. 

Industrial development: Industry in gene- 
ral continued to operate as in 1959. Business 
in radioisotopes continued its steady 
growth. Licensed industrial users increased 
by 11°, during 1960 after a 16% rise during 
1959. Because isotope production facilities 
for fission products were shut down for 
some nine months, total curies shipped 
declined by 14° after a 20% rise in 1959. 
The backlog of orders awaiting delivery 
was many times the total shipped during 
the previous year, the AEC report notes. 

The continued rise in the number of 
industrial licenses occurred after major 
manufacturers of gauging equipment began 
operating after an AEC regulation which 
permits the sales of gauges under general 
licenses instead of under an_ individual 
license for each user. It is now estimated 


Washington 


that between 5000 to 6000 radioisotope 
gauges are now in use of which some 1000 
were marketed during 1960. Radioisotopes 
and equipment imported into the US during 
1959 totalled more than $1-1 million of 
which more than 80% came from Canada. 

Fuel processing: Orders placed by the 
AEC and its principal contractors with 
commercial sources for conversion of 
uranium hexaflouride to materials suitable 
for fuel elements, and for the fabrication of 
fuel elements rose from $41-4 million 
(£15 million) in 1959 to $52-4 million 
(£18-5 million) in 1960, an increase of 26%. 
The amounts represented, in large part, 
orders for naval reactor cores. 

Other items from the report include: 

A decision not to proceed with the helium 
cooled, graphite moderated 3 MWt TURRET 
reactor planned by Los Alamos Scientific 
Laboratory because of greatly increased 
costs and because other reactors could be 
used for experiments. TURRET was to 
demonstrate very high temperature gas- 
cooling with unclad uranium impregnated 
graphite fuel. 

Work on the Homogeneous Reactor 
Experiment No. 2 at Oak Ridge will end 
in 1961 in favour of increased development 
of the molten salt concept. In addition, 
the report says Aerojet-—General Nucleo- 
nics’ work on the boiling sulphur concept 
ended because corrosion rates appeared 
excessive. 

A 10 MWt experimental liquid metal 
cooled reactor, PWAC-lIC, is being built at 
the Idaho Testing Station for aircraft 
propulsion work. 

Work was delayed on the 75 MW 
sodium graphite Hallam reactor when the 
65 ton reactor vessel rolled off a truck 
trailer. There was no serious damage. 

Cracks were detected in four 1I6in 
reactor vessel nozzles and criticality of 
the 22 MW Elk River closed cycle BwR 
with superheater was delayed. Repairs 
took six weeks. 


More funds for AEC reactor projects 


Washington Major development work on 
seven reactor types and preliminary studies 
and experimental work on a number of 
other reactor concepts will cost an estimated 
$250 million (£90 million) in 1962 according 
to the Atomic Energy Commission’s 
budget for the year ending June 30, 1962. 

Expenditure for that year is estimated at 
$2:68 thousand million dollars compared 
with $2:66 thousand million in 1961. 
During the year, two more high energy 
accelerators, at Cambridge, Mass., and 
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Princeton, New Jersey, will begin operation. 
The total number of major Government- 
owned experimental power reactors in 
operation will increase by five to a total 
of 10 and the number of power reactors 
operating in public and private utility 
systems will increase from three to 10. The 
1962 budget proposes additional funds for 
co-operative arrangements with private and 
public power groups in undertaking atomic 
power projects which would further the 
objectives of the development programme. 





e India Tenders for the 300 MW Tarapor 
plant have to be submitted by the end o 
March, according to Dr H. J. Bhabha 
chairman of the Indian AEC. The Com 
mission intends to produce the fuel for the 
project. 

e Japan A team of five experts is to visit 
the USA, the UK, France and Belgium or 
a 50 day tour in early April to study 
reprocessing of nuclear fuei. 

e United States AMF Atomics has asked 
for a ten month extension of its licence to 
export the rest of a 1 MW research reactor 
to the Portuguese Junta de Energia Nucleari 
because of delays to the latter’s construction 
programme. 

e USSR The Soviet Union has offered to 
help Pakistan develop her nuclear power 
programme. 


Los Angeles withdraws from 

BWR project 
Los Angeles The Los Angeles Department 
of Water and Power has now informed the 
AEC that it wants to withdraw from the 
project to build a 50 MW Intermediate 
Cycle Bwr at Haskell Canyon. This 
decision follows the recent announcement 
by the AEC that Allis-Chalmers had been 
selected to build the plant after previously 
stating that GE of the US had been awarded 
the contract (See Worldview, February, 
p 58). 

Reasons for the Los Angeles With- 
drawal are that the AEC Reactor Safe- 
guards Committee thinks the chosen site is 
unsuitable for a larger reactor than the 
one planned (the 50 MW bBwr was a 
prototype for a 300 MW plant) and because 
the project will now cost more than 
originally planned. The city of Pasadena 
was associated with the project. 


Japan seeks second reactor 


Tokyo A final decision on a second power 
reactor for Japan is likely soon. This 
follows a recent meeting by heads of nine 
electric utilities when it was proposed that 
the Japan Atomic Power Company, the 
company building the Tokai-Mura 150 MW 
reactor, be responsible for installing the 
reactor, probably in the Kansai district. 

It was also stated recently in the British 
House of Commons by the Parliamentary 
Secretary to the Ministry of Power that 
Japan was considering a second (nuclear 
power) station. He was speaking in a debate 
on the British nuclear power programme 
(see Worldview this issue). 

Under the revised Development Pro- 
gramme for Nuclear Power, the Japanese 
AEC foresees that in the first 1000 MW 
stage (up to 1970) five reactors would be 
built and imported. The AEC has urged 
that an early decision be made on a light 
water reactor type for the second import. 
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Atomic Energy in the 
German Federal Republic 


1 8 Dr Siegfried Balke, Federal Minister for Atomic 


prepared a supplementary programme for the development 
and construction of prototypes of medium-powered reactors. 
These are of special interest for underdeveloped countries 
who are just building up their own industries. I believe it 
expedient to point out here that the German reactor firms 
which began four or five years ago to develop reactors of 
around 125 MW, have maintained their choice of reactor 
type for the supplementary programme for medium sized 
units. Certainly, this is in part due to the fact that some 
companies can obtain details of progress abroad with specified 
reactors. However, it also demonstrates that all the types 
believed four or five years ago by German industry to be 


Activity to date shows that the German development 


dy 
ae Energy, writes this preface for Nuclear Power’s 
ve special issue on German _ developments 
ari 
on 
to a HE CURRENT position and development trends in the 
er Te jerman atomic industry are, for the most part, conditioned 
by two main factors. The first is that on political grounds, 
the Federal Republic could not begin nuclear research 
n and development work until May, 1955, by which time 
reactor types were on hand in the leading nuclear countries. 
nt This belated entry means that an industrialized country 
r€ has to make up this leeway over a period of years. But there 
1e is also an advantage to this late start. German industry can 
te learn from the experience of overseas associates, i.e. it can 
" buy tried and tested equipment on the open market and it 
i does not need to carry out again work which has been 
ly completed. In view of this, German development work, promising, are still considered so. 
d particularly on reactors, is based on adopted designs or the 
/, further development of concepts from abroad. Domestic 


building, such as high temperature reactors, only started 
\- recently. 


- The second point is that because the Federal Government 
is has renounced the manufacture of nuclear weapons, military 
e considerations do not enter into the planning of German 
“ nuclear programmes. Development now in progress is aimed 
‘ solely at peaceful purposes. This renunciation means that 
. Germany’s nuclear industry, in contrast with that in countries 


producing nuclear weapons, will not benefit from funds 
accruing from military budgets. 

The energy policy pursued by the Federal Government aims 
at incorporating the nuclear energy industry into the normal 
competitive framework. Then, the public utilities can decide 
on the basis of competitive considerations whether, and when, 
they wish to cover the increase in energy requirements in their 
supply area with heat and electrical energy from fission. 
In this way, the rate of investment in large nuclear power 
stations depends primarily on their competitiveness with 
conventional stations. 

Since the principle of free competition demands basically 
that energy production installation investment be covered by 

private initiative, it is understandable that electricity producers 

strive mainly to cover the financial risks that they, without 

doubt, will incur by building nuclear power stations—as long 

as the cost of nuclear units is higher than that of power from 

other sources. Even though the margin of risk is influenced 

both by changes on the energy market—which can be very 

rapid—and by the locality, the question of investment 

; financing of nuclear power stations is, nevertheless, well to the 

& fore in the Federal Republic 
i With my encouragement, the German reactor industry has 
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programmes are not as ambitious as in countries with 
advanced nuclear technology. Nevertheless, it does ensure 
that in the framework of world development, Germany will 
have a substantial place. The major concern in West Germany 
is to support scientific research and to maintain technological 
development which will guarantee the availability of up-to- 
date techniques when economic conditions are ripe. 

As the Federal Minister responsible for the development of 
nuclear technology, I am striving to steer a course between 
the Scylla of atomic hysteria and the Charybdis of atomic 
apathy. This demands a sober appraisal of all the possibilities 
inherent in this new development. A highly industrialised 
country such as ours must not do so little that she cannot 
meet international commitments in a way commensurate with 
her international economic importance. Germany must also 
not do too much so as not to be suspected of working on 
projects which she has renounced. 

I am sure that this philosophy is valid both politically and 
economically. It rejects sensational and utopian plans; it is 
continuously striving to develop scientific bases and stems 
from the certainly that the dangers of this new technology can 
be overcome by enlightened work. The industrial application 
of nuclear energy will assure and expand the possibilities of 
human existence. 








ATOMIC ENERGY 
IN THE GERMAN 
FEDERAL REPUBLIC 


WEST 


— ENERGY consumption in West 
Germany* during the past decade 
rose from 126 million to 184 million tons 


in terms of coal equivalent. During 
the same period, domestic primary 
energy production rose from 142 


million to 169 million tons of coal 
equivalent. From a net exporter of 
primary energy, the Federal Republic 
since 1955 has become a net importer. 
It is unlikely that this trend will be 
reversed in the foreseeable future; 
instead, it is anticipated that during the 
next decade, primary energy consump- 
tion will increase more rapidly than 
domestic primary energy production. 

The disproportionate increase in 
energy requirements compared with 
output is, however, only one aspect of 
the rapidly changing energy situation in 
West Germany. A _ second closely 
linked aspect, is the simultaneous mas- 
sive change in the structure of energy 
requirements in the country: the steady 
increase in the share of liquid fuels of 
the total energy consumption, on the 
one hand, and the continued switch in 
demand from primary to secondary 
energy forms, on the other. 


Changing pattern of demand 


In 1929, some 97:5% of West 
Germany’s crude energy consumption 
was covered by solid fuel—77-3°% coal 
and 20-:2°% brown coal, pitch coal and 
peat. Thirty years later, the share of 
solid fuels dropped to 77-6°.—60-1% 
coal, 17:5°% brown coal, pitch coal 
and peat. In the same period, the share 
of mineral oil in crude energy consump- 
tion increased from 1:3% to 19:9% 
and meanwhile has risen still further. 

Parallel with these developments, 
demand for secondary energy grew. In 
1937. half of West Germany’s final 
energy requirements were still being 
met by primary energy sources in their 
original form—mainly by coal—and by 
1959, this total had fallen to 28%. 


*Unless otherwise indicated statistics do not cover 
the Saar. If this area is included, primary energy 
consumption in 1959 was 198 million tons hard coal 
equivalent and production about 185 million tons. 
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Large scale introduction of nuclear power in West 





Germany is unlikely in this decade; even in the 1970's ‘t 
will not alter the country’s energy situation substantial. y 


GERMANY’S ENERGY POSITION 


by Dr WOLFGANG FINKE, 


Federal Ministry of Nuclear Energy and Water Economy 


This development, too, has continued 
in recent months and can be expected 
to proceed still further. 

The change in the pattern of demand 
has both technological and commercial 
causes. But no justification can be 
found for it in the composition of 
domestic energy supplies. West Ger- 
many, including the Saar, is primarily a 
coal-based area. Known reserves of 
hard coal up to a depth of 1200 metres 
are put at some 70,000 million metric 
tons. At the present extraction rate, 
these would last for about 500 years. 
Deposits of at least the same volume 
are presumed to exist at depths from 
1200-2000 metres. Smaller, but. still 
very important, are the exploitable 
brown coal reserves. These are esti- 
mated at 62,000 million tons and 
would be sufficient to sustain current 
production levels for over 650 years. 

With other energy sources, the picture 
is quite different. The known and 
probable petroleum reserves in the 
country are now put at not more than 
73 million tons. These would be exhaust- 
ed in 14 years if the output figure of 5-1 
million tons reached in 1959 were to be 
maintained. It is also probable that no 
large natural gas reserves exist in 
West German territory. This also applies 
to uranium ore deposits. Exploitable 
uranium reserves are estimated at a 
few hundred tons at the most and 
thorium deposits have so far not been 
found. Demand for these energy sources 
in the foreseeable future will have to be 
met exclusively by imports. 

Finally, the Federal Republic has a 
hydro-electric potential of 23 million 
MWh annually. At present, just over 
half is actually used. The installed 
capacity of the hydroelectric plants is 
about 57% of possible capacity and 
annual output represents about 3°% 
of total West German primary energy 
production. 


Production of primary energy 


The composition of the country’s 
energy reserves is reflected in its primary 





energy production. Here again, coal 
completely dominates the picture even 
though its share has steadily declined 
in the past ten years. In 1959, coal 
produced accounted for 155 million tons 
in terms of coal equivalent. This was 
nearly 92°% of total domestic primary) 
energy production. It was composed of 
126 million tons of hard coal; the 
remainder was mostly brown coal with 
a little pitch coal. Peat and wood 
accounted for a further two million 
tons in hard coal units. 


In contrast, petroleum produced in 
the Federation during 1959 was the 
equivalent of 7:3 million tons of hard 
coal. In the same year, natural gas 
output was around 0-5 million tons in 
hard coal units. Power from hydro 
plants represented the equivalent of 
4-1 million tons.** 


The largest export item in the West 
German energy balance sheet is, under- 
standably, hard coal. During the past 
ten years, exports have ranged from 
23 to 26 million tons, the overall ten- 
dency being slightly downwards. Of 


**One kWh is taken as the equivalent of 0-4 hard 
coal units. 
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thi me threequarters went to the 
Eur. can Coal and Steel Community 
cou: ‘ies. On the other hand, in the 
sam: period, considerable amounts of 
hare coal were imported. Imports in 
195’ reached an all-time peak of 23 
mil tons, of which 16 million tons 
came from the USA. When the coal 
sales crisis began early in 1958, imports 
fell oif sharply. In 1959, they were only 
11 nillion tons and since then have 
continued to drop. 

Considerably different is the picture 
of the development of petroleum im- 
ports and exports. Crude oil imports 
alone- increased in the last decade 
from 2-3 to 16:8 million tons while 
imports of petroleum products rose 
from barely two million tons in 1955 to 
about five million in 1959. In the same 
year, however, some 2-3 million tons 
of products were re-exported. 


Electricity 


The preponderance of coal in the 
supply of primary energy in West 
Germany also determines the structure 
of the electricity supply industry. Gross 
electricity output was 103 million MWh 
in 1959 of which 63 million MWh came 
from coal-fired plant, 29 million from 
brown coal stations and 11 million from 
hydro plants. Installed capacity at the 
year’s end was about 25,000 MW, in- 
cluding 15,575 MW in public utility 
stations, 8900 in industrial power plants 
and nearly 300 MW in Federal Railways 
plant. 

If power production and installed 
capacity for 1950 are taken as 100, 
the corresponding figures for 1959 will 
be 232 and 221. In other words, power 
output and installed capacity have 
doubled within nine years. For 1960, 
a further rise of some 10% is expected. 
By 1965, a gross output of 150 million 
MWh is forecast from an_ installed 
capacity of 35,500 MW _ while the 
figures from 1975 are put at 280 
million MWh and 61,000 MW. 

By far the largest electricity con- 
sumer is industry. In 1959 it accounted 
for 60:5% of total national con- 
sumption; 63°% of total industrial 
consumption was taken by basic in- 
dustries (such as iron and steel pro- 
ducers, chemical plants etc.); 16° by 
mining industries; 11% by capital 
goods producers (machinery, electric- 
technical) and the remainder by con- 
sumer goods producers etc. Private 
households used some 10° of the 
power provided in 1959, trade and 
business about 6°% and transport and 
public installations 3°{ each. Internal 
consumption by the power stations 
represented 6°(, transmission losses 
uso 6°% and consumption by pumping 
stations 1% of total consumption. 

Comparatively little has altered in 
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this breakdown over the past few 
years though some shifts have taken 
place within the various groups. Funda- 
mental changes in the pattern of de- 
mand can be deemed improbable for 
the foreseeable future. 


Nuclear power 


The development of nuclear power in 
West Germany to all intents and pur- 
poses has so far been restricted to the 
development of basic science and 
technology. A nuclear energy pro- 
gramme in the true sense does not exist 
and the contribution of nuclear power 
to the country’s energy supplies will 
remain very small in the near future. 

West Germany appears to be assured 
of supplies of conventional fuel under 
relatively advantageous conditions and 
there is no urgent need for the rapid 
expansion of nuclear capacity. Further- 
more, there is no military atomic 
energy programme which would make 
such capacity desirable. Thus the 
decisive criterion for the construction of 
industrial-scale nuclear power stations 
is whether they are competitive. It is 
then clear that the development of 
nuclear energy as a source of power 
for West Germany will not expand at a 
rapid pace before nuclear plants prove 
competitive over wide areas of the 
country. But as soon as this point has 
been reached, there will be not only 
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an important but a steadily expanding 
market; at the present time some 
2000 MW of new capacity has to be 
built annually in West Germany and 
this demand will continue to expand 
from year to year. 

However, now and probably for 
several years, nuclear plants in West 
Germany will have power production 
costs which, compared with the rela- 
tively low cost of power from modern 
conventional plant, are far too high to 
justify a rapid expansion of nuclear 
capacity. Even in -high production 
cost areas, a power station producing 
at a figure of more than four pfennigs 
per kWh is no longer conceivable. In 
the modern thermal plants of the Ruhr 
and the brown coal area of the Rhine, 
considerably lower power costs are 
reached—in some cases they are no 
higher than 2-5 pfennigs per kWh. It is 
obvious that no nuclear power station 
can compete with such figures yet. 

In cost considerations of this kind, it 
must of course be remembered that 
German data cannot be directly com- 
pared with those prevailing in Britain 
or the USA. Because of fairly high 
interest rates and a comparatively 
heavy taxation burden, annual fixed 
costs for a nuclear power station must 
be reckoned at 15% of the initial 
capital cost plus ancillary costs, while 
fuel costs must be allowed for at from 
0:7 to 1-7 pfennigs per kWh, according 
to reactor type. In practice this means 
that nuclear plants can only hope to 
compete with conventional stations 
when their specific construction costs, 
plus ancillary costs, do not exceed 
1400 DM (£117) per kW for low fuel 
cost reactors and 1000 DM (£83) per 
kW for high fuel cost types. 

Under these circumstances, fore- 
casting the development of nuclear 
power in West Germany is very difficult. 
The effect of imponderables in such a 
forecast is considerable. If steady 
technical progress unhampered by any 
reverses is postulated, it can be taken 
as very probable that reactors which go 
into operation towards the end of the 
1960’s—at least in the areas of high 
conventional power costs such as 
South Germany, especially between 
Main and Danube—will, during their 
lifetime, become competitive with com- 
parable coal-fired plant. It is more 
difficult to say whether this will happen 
with oil-fired plant as the fuel oil price 
trend is much less easy to predict. 

Nevertheless, by the early 1970's, 
at the latest, in many areas of West 
Germany, nuclear power plants will be 
highly interesting propositions to meet 
the need to expand capacity. Even 
then the amount of fissionable material 
needed to meet the country’s primary 
energy requirements will remain small 
for quite some time. 









Working on a co-operative basis, with participation by unive - 
sities, institutes, industry, and the federal and land government., 


most of the main research facilities will be ready this yeer 


ATOMIC ENERGY 
IN THE GERMAN 
FEDERAL REPUBLIC 


Nuclear research in 


Western Germany 


by W. H. A. HOCKER, Director of the Federal Ministry for Atomic Energy 


PART FROM THE REACTORS built or under construction, 

for research into nuclear physics about half the universi- 

ties and technical colleges are equipped with accelerators 
providing energies up to 3 MeV. In addition to a 5-5 MeV 
accelerator Frankfurt also has a 35 MeV betatron ; another 
5:5 MeV machine is operated at Freiburg. Heidelberg is well 
equipped both with a 35 MeV betatron and a 12-13 MeV 
deuteron cyclotron. The Max-Planck Institute for Nuclear 
Physics, also at Heidelberg, expansion of which is making 
great strides, will have this year a 10 MeV tandem accelerator. 
Both Wiirzburg and Karlsruhe are equipped with betatrons 
providing energies up to 35 MeV; the latter also has under 
construction a 50 MeV deuteron cyclotron. At Bonn, in 
addition to the synchrocyclotron for 35 MeV deuterons or 
70 MeV alpha particles, a 500 MeV electron synchtotron is 
available for high energy physics research. An even more 
powerful facility is being built at Hamburg, a 7 GeV sychro- 
tron (DESY) that will be completed by 1963. The estimated 
cost of some DM.M60 (£M5) will be shared by the Federal 
Government and the city of Hamburg in the ratio of 85/15. 
Annual operating costs of some DM.MI1O0 will be shared 
equally by the Government and by all the states concerned. 


The pattern of nuclear research in the Federal Republic is a 
co-operative one, with participation by special research 
centres, universities, institutes, industry, the government 
and individual states. 

Over its five years of existence, the Federal Ministry has 
provided over DM.M200 (£M17): some 90 institutes and 
laboratories have been expanded or built, another 120 
institutes have received government grants of more than 
DM100,000 (£8,000) for special equipment, and some 
DM.MS0 (£M4) have been contributed to 175 university 
establishments for the improvement of equipment and 
building developments. Financial aid also comes from the 
various states. 

KARLSRUHE RESEARCH CENTRE 

Financed by Kernreaktor B.B.: Institute for 
Physics and Reactor Technology; FR2 reactor. 
Financed by GKF:—ZJnstitutes for Radiochemistry; Nuclear 
Techniques; Radiobiology; Hot Chemistry; Electronics; 
Solid State Physics, Reactor Materials and Nuclear Physics; 
School for Nuclear Techniques ; isotope laboratories; 50MeV 
cyclotron; zero energy Argonaut. 


Neutron 





Research Institutes and Facilities 


There are also plans for an 80 cm hydrogen bubble chamber. 


On the subject of education, the Atomic Ministry’s view is 
that specialization should come after normal university 
training in the natural sciences or technology has been com 
pleted. Consequently, it gives financial support to the nucleai 
institutes for subsidizing university trained recruits during 
their special training period. In 1960, for instance, in the 
210 institutes that received Government funds, grants were 
given to 440 scientists and 280 technologists. 


Karlsruhe research centre 

The buildings and facilities of the Karlsruhe Nuclear 
Research Centre (Fig. 1) were built, and are operated, by 
the Kernreaktor Bau-und Betriebsgesellschaft (KI). 


The principal work being undertaken by KI covers research 
on inelastic scattering of thermal neutrons and on gamma- 
spectra emitted after neutron absorption ; neutron research 
with pulsed sources ; research on the inelastic scattering of 
fast electrons ; preparatory work on the pulsing of sub- 
critical fast reactor systems; and the determination of 
effective cross-sections. 


Isotope Study Company; Institute for Radiation Technology 
of Foodstuffs; European Institute of Transuranic Elements 
(1962), shared with Euratom. 


JULICH RESEARCH CENTRE 

Institutes for Reactor Materials; Reactor Components; 
Radiochemistry; Plasma Physics; Biology; Medicine; Nuclear 
Physics. Working Group for Isotopic Separation. Dido and 
Merlin type reactors. 

GARCHING REACTOR STATION— Munich Technical High School 
Institute for Radiochemistry; Institute for Plasma Physics; 
FRM reactor; SSW Argonaut reactor (adjacent to Centre). 
GEESTHACHT—GKSS 

Institute for Reactor Physics; FRG reactor. 


BERLIN—Hahn-Meitner Institute for Nuclear Research- 


BER reactor. 





FRANKFURT UNIVERSITY—Institute for Nuclear Physics. 

FRF reactor. 

MAINZ UNIVERSITY—Institute for Inorganic and Nuclear 
Chemistry. Triga II reactor. } 
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The Karlsruhe Research Centre showing the buildings of the 
Institutes and FR2 (top left) (Fig. 1) 


The FR2 research reactor, expected to go critical this 
autumn, will be the main facility. Fuel elements for the first 
core loading were made in Germany from Canadian uranium. 
They are aluminium canned with ribs three to four mm high 
longitudinally. The output of FR2 is limited by the internal 
uranium temperature of the elements to a maximum of 
30 MW. It remains to be seen whether the use of hollow 
elements, with internal and external canning and internal 
cooling, will permit a considerable reduction in the uranium 
temperature and result in a power increase. 

The work being undertaken by KII through the various 
institutes is extensive. In radiochemistry, the main research 
is on the properties of excess-neutron isotopes of ruthenium 
and rhodium, as well as of the excess-neutron and neutron- 
deficient isotopes of cadmium and antimony ; on nuclear 
reactions ; on the development of processes for the manu- 
facture of radio-nuclides for use as tracers and in measuring 
gauges ; and on the development of fission product separa- 
tion processes and the production of labelled compounds. 

Nuclear techniques under development include the separa- 
tion of isotopes by use of high-speed jets (uranium hexa- 
fluoride), and the separation of hydrogen isotopes by isotopic 
exchanges between gaseous hydrogen and water or other 
hydrogenous compounds using precious metal catalysts. 

The work of The Institute for Hot Chemistry is pre- 


dominantly concerned with the development of liquid/liquid 
extractor processes in the preparation of nuclear fuel and the 
separation of fission products ; high-temperature uranium 
processing and the study of diffusion processes in solids, 
especially reactor materials and fuel elements. 

The 50 MeV cyclotron, under construction by AEG, is 
expected to be working during the second half of the year. 
The working group on nuclear spectroscopy will shortly 
begin research on energy dependence of mass repartition in 
the fission of heavy nuclei, on the spectra of some cadmium 
isotopes and on certain fission products. Its initial programme 
also includes the investigation of alpha activity in the middle 
of the periodic system. Research programmes are also being 
drawn up for working groups on nuclear reactions, scattering 
and neutron experiments. 

To develop the use of radio-nuclides in all areas of tech- 
nology, the Isotope Study Company—a co-operative associa- 
tion of German industrial firms—is building an Institute on 
the Karlsruhe site. The first construction phase has been 
completed. It will carry out its own research programme but 
will also accept research contracts and provide information. 

To complement the work of the Federal Research Office 
for the Preservation of Foodstuffs in Karlsruhe, an Institute 
for the Radiation Technology of Foodstuffs will be set 
up at the Research Centre. 

In close association with the Nuclear Research Centre, 
the European Institute of the Transuranic Elements—a 
facility of the Joint Nuclear Research Organisation of Eur- 
atom—will be built by the end of 1962. Its objective will be to 
explore the potential peaceful applications of the transuranic 
elements, particularly the use of reactor produced plutonium 
as a nuclear fuel. Initially it will have a staff of 200, including 
50 graduates and the cost of the building and equipment, 
estimated at DM.M50-60 (around £M5), is to be shared 
by Euratom and the Gesellschaft fiir Kernforschung (KII). 
Operating costs will be borne entirely by the European 
Community. 


Jiilich research centre 

This facility at Jiilich, mid-way between Cologne and 
Aix-la-Chapelle, is being set up by the State of North Rhine- 
Westphalia. It serves as the common research centre for the 


TABLE | Research reactors in the Federal Republic and in West Berlin. 





DESIGNER* (main MAX. NEUTRON FLUX (n/cm's) STATUS 





NAME and OWNER® LOCATION FINANCED BY USER* German contractors) MAX. TH. OUTPUT & TYPE 

FRE Frankfurt/Main Farbwerke Hoechst AG/ Frankfurt Univ.-Inste. AI (AEG, BBC, Man- ~10'*, 50-100kW, L54 cr. Jan. ’58 
Hessen State Frankfurt/Federal Gvt. f. Nuclear Physics nesmann, SSW) 

BER Berlin-Wannsee Berlin State/Federal Gvt. Hahn-Meitner Inste. Al (AEG, Borsig, 10'*, 50-100kW, L54 cr. July ’58 
Berlin State Pintsch-Bamag, SSW) 

FRM Garching, Munich Bavaria State/Federal Gvt. Tech. High Sch., AMF (MAN) 1-8 x 10, IMW, pool cr. Oct. °57 
Bavaria State Munich 

FRG Geesthacht, States of Hamburg, Bremen, GKSS, Hamburg & BW (US) (DBW) 3-2 x 10, SMW, pool cr. Oct. ’58 
GKSS Hamburg Schl.-Holstein, N-Sachsen Kiel Univs., Hannover 

334%; Federal Gvt. Tech. High Sch. 
334%; Industry = 334% 

FR2 Leopoldshafen, Industry = 50%; Federal Science and industry Kernreaktor BB 3x10", 12MW, D,O building 
Kernreaktor Bau-und Karlsruhe Gvt. =30%; Baden-Wiirt- (various) 
Betriebs GmbH temberg= 20% 

FR MERLIN Stetternich Forest, Nordrhein-Westfalen, Bonn, Cologne, Mun- AEI-JT (Arbeitsge- 5x 10"*, SMW, pool cr. May ’6! 
Nordrhein-Westfalen Julich Federal Gvt. ster Univs.; Aachen meinschaft Stadwerke 
State Tech. H.S.; Diisseldorf Diisseldorf) 

Med. Acad. 

MPR DIDO Stetternich Forest, Nordrhein-Westfalen, As tor Merlin above HWP (AEG-Rhein- ~10", 1OMW, D,O cr. Nov. ’61 
Nordrhein-Westfalen Julich Federal Gvt. Stahl) 

—<* Garching, Munich Siemens SSW SSW (SSW) 1-4 10", 10kW, Argonaut cr. June ’59 
SSW 

SAR-2 
Ges. f. Kernforschung Leopoldshafen, Federal Gvt. 75%; Baden- Kernreaktor SSW Lurgi/Pintsch 1:4 10°, 10W, Argonaut cr. early ’61 
mb Karlsruhe Wiirttemberg 25% Bamag (SSW, etc.) 

AEG Test Reactor Gross-Welzheim, AEG AEG AEG (AEG) 10W, Argonaut cr. Feb. 61 
AEG Aschaffenburg 

Triga, Mk. II Mainz Reactor: Federal Gvt.; Mainz Univ.-Inste. GD 4x 10", >30kW, open tank cr. 62 


Rheinland-Pfalz State 


& Federal Gvt. 


Building: Rheinland-Pfalz Inorg. & Nuc. Chem. 
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universities of Bonn, Cologne, and Miinster, the Technical 
University of Aix and the Medical Academy of Diisseldorf. 
Planning, construction and operation is the responsibility 
of the Gesellschaft zur Forderung der Kernphysikalischen 
Forschung e.V. (Company for the Development of Nuclear 
Physics Research) set up in 1953. Its members are the scientific 
universities of the State and some of the important firms in 
the nuclear field. The cost of all installations, in which the 
Federal Government is participating to the extent of DM.M52 
(over £M4), are put at DM.M195 (£M16) (1961). (Fig. 2.) 
In addition to the Centre’s own activities, a Working 





The Julich Research Centre showing the Dido and Merlin 
reactor buildings (Fig. 2) 


Group for Isotopic Separation, which will deal with experi- 
mental and theoretical work on the enrichment of uranium 
by the gas centrifuge method, will work outside the research 
centre. Other work to be undertaken will cover separation 
in a centrifugal separating cylinder ; diffusion methods 
based on porous media ; chemical exchange methods be- 
tween gases ; distillation methods, and a variety of other 
novel separation methods based on the mass properties of the 
materials under study. 

Reactor materials research will concentrate on radiation 
damage and technological irradiation experiments for in- 
dustrial purposes. Reactor engineering investigations are 
divided into thermodynamic and flow studies, functional 
tests of building and machinery groups, out-of-pile loops and 
other physical research. Facilities for large-scale research 
projects will include a heating current transformer installa- 
tion with an output of 2 MW ; an atmospheric gas channel 
for heat exchanger experiments up to 250°C ; a high-pressure 
gas channel for the same purpose operating at up to 40 
atmospheres and 400°C ; a fuel element test rig for element 
lengths up to 26 ft. working at pressures up to 60 atmospheres 
and at temperatures up to 500°C ; and a pressurized and 
boiling water test rig for experiments up to the point of 
criticality. 

The Radiochemistry Institute is looking at the develop- 
ment of radiochemical processes for the separation, analysis 
and synthesis of radioactive compounds and is researching 
on radiation-induced chemical changes, especially with a 
view to using radioactive recoil to mark preparations. 


Garching reactor station 

The reactor station of Garching, near Munich, belongs 
to the Laboratory of Applied Physics of the Munich Techni- 
cal High School. Its main facility is the Research Reactor 
Munich, FRM, which was the first German reactor to go 
critical—on October 31, 1957. Adjacent to the reactor and 
under construction, is the Institute for Radiochemistry. The 
station also has a cryogenic facility. 

The main studies at Garching are nuclear physics, using 





slow and fast neutrons, and the effects of radiation on 9% 


materials. Special attention will be paid to irradiation exp *ti- 


ments at very low temperatures (in co-operation with he 23 


Commission for Low Temperature Research of the Bavar'an 
Academy of Science), the study of fission products and tl eir 
diffusion in nuclear fuels, radiochemical research and ‘he 
production of short-lived radioisotopes for the site, and ‘or 
affiliated groups, will also be carried out. 

The station is working with the Danish centre at Risd on 
soft gamma spectra emitted after neutron absorption, and 
with the Karlsruhe Reactor Centre on cross-section reseai ch 
with sub-thermal neutrons. 

Next to the station, but separate from it, the Siemeis- 
Schuckertwerke AG have built the Siemens Argonaut 
Reactor, SAR, for use by their own reactor development 
section. Also nearby a fusion research facility—the Institute 
for Plasma Physics—is being set up. This is a research 
foundation of the Max Planck Company for the Advance- 
ment of Science. The Institute works in close co-operation 
with the Max Planck Institute for Physics and Astrophysics 
of Munich. The first construction stage will be completed 
this summer and the total cost, estimated at DM.M60 (£M5), 
will be met by the Federal Atomic Ministry. 


Berlin 

The Hahn-Meitner Institut fiir Kernforschung is a research 
facility of the State of Berlin and it comes under the control 
of the Senator for Education, working in close co-operation 
with the Free University and the Technical College. Nuclear 
chemistry and Mathematics departments will be introduced 
this year and a Biology branch is planned. The main research 
tool for nuclear chemistry, the Forschungsreaktor Berlin, 
BER, operated at a full power of 50 kW for the first time on 
January 13, 1960. The teaching programme includes three- 
week courses on isotope chemistry followed by three weeks 
practical work. 

The research programme of the Institute includes the 
chemistry of reactor materials, especially organic moderators 
and coolants ; the diffusion of fission product gases in solid 
fuel materials (in the framework of the joint US/Euratom 
research and development programme); and the chemical 
treatment of gaseous and liquid radioactive wastes. Parallel 
work is being done on activation analysis and on the con- 
struction of new radiation monitoring and control equipment. 


Other research facilities 

The Forschungsreaktor Frankfurt, FRF, which belongs 
to the University’s Institute for Nuclear Physics was presented 
by Farbwerke Hoechst. The buildings were financed by the 
Federal Government, the State of Hessen and the city. The 
Institute is mainly concerned with basic research on neutron 
and reactor physics, using as equipment a 1-5 MeV cascade 
accelerator and a 5-5 MeV Van de Graaff generator. 

The Institute for Inorganic and Nuclear Chemistry at 
Mainz University is to have a Triga II reactor. It will aid 
studies on the properties of short-lived primary fission pro- 
ducts, the determination of the yields of primary fission 
products by direct and indirect methods, research on the 
influence of neutron energy on fission, and the effects on 
chemical processes in inorganic and organic systems of in- 
tense neutron fluxes and fission fragments. 

As a private venture, AEG has built a research reactor of 
the Argonaut type—the AEG-Prufreaktor—at Gross-We]- 
zheim for its own reactor development department. 
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. . eye . 
Dynamic stability is guaranteed by 
: tee : 

a negative temperature coefficient 


Special features of the 
Brown Boveri-Krupp reactor 


by O. MACHNIG, J. BINCKEBANCK, U. HENNINGS 


and R, KUSTER, AB BBC-Krupp 


HE HIGH-TEMPERATURE gas-cooled * pebble-bed’ reactor 
fb the Arbeitsgemeinschaft Versuchsreaktor (AVR), 
Diisseldorf, is now under construction. Some of the charac- 
teristics arising out of the special features of the design are 


discussed 


Output control and seif-stabilization 

Control of the reactor is not based on the use of control 
rods. Dynamic stability is guaranteed by a temperature 
coefficient which—because of the high enrichment in U-235 
and the on-load refuelling—will be negative in all imagin- 
able operating conditions. This negative temperature coeffi- 
cient allows the reactor output to be controlled solely through 
the coolant gas i.e. again without control rods. The shut- 
down rods foreseen in the design are thus required only for 
shut-down and possibly to compensate for long-term changes 
in operating characteristics. The main factor here is xenon- 
poisoning and this will depend on how impervious the fuel 
spheres can be made to noble gases. Also, the shut-down 
rods might be used to bring about possible experimental 
change in the mean operating temperature. 


Power control through coolant flow 

This type of control does not allow the coolant exit tem- 
perature to be fully independent of power output. Increasing 
output following an increase in coolant mass flow brings 
about a drop in temperature. This, however, remains small, 
and there is no significant change in operating conditions. 


This effect is also caused by the temperature coefficient and 
this is obvious since a higher power transfer to the coolant 
gas demands a steeper gradient inside the fuel elements and 


a larger temperature difference between element surface and - 


coolant. Since an overall temperature increase is not possible 
on criticality grounds (temperature coefficient), gradient 
and temperature must settle at a correspondingly lower level. 

Closer examination of conditions by means of perturbation 
calculation leads to a closed formula for the dependence of 
coolant gas exit temperature on gas mass flow, which in 
turn determines the reactor temperature. 

The formula is : 


Tp’ —Tc (O) 
1+CM, 8 (fp? 1 M, 1 (MY?) 
3H | R®15\nf My Fa, (ii,) } 
where : 


To (A), Tc (O) =coolant inlet and outlet temperatures 
Tg =average temperature of the fuel elements under 
null load 
C=specific heat of the coolant 
M, M,=mass flow of coolant 
(Mo maximum output) 
core height 
core radius 
fuel element sphere radius 
=heat conductivity figure for the element material 
=packing factor for the heap of spherical 
elements (0-61) 
Surface area of the fuel spheres in a layer 
1 metre high 
% 9 Heat transfer figure for a mass flow of Mo. 





Tac (A) =Toc (O)+2 


~~ Wrro wT 


REACTOR DATA 


Thermal output 49 MW 
Electrical output 15 MW 
COOLANT 


It is anticipated that pure helium will be used. Nevertheless design 
permits the use of a mixture of helium and neon with a corresponding 


increase in blower power. 


Temperature to core 200°C 
Temperature from core 850°C 
Gas pressure in the circuit 10 atm. 
Mass flow 13 kg/sm 
Pressure drop (total) 750 kg/m?* 
Blower output 125 kW 
As proportion of electrical output 0-80% 
STEAM (Single pressure circuit) 
Hot steam temperature 505°C 
Hot steam pressure 75 atm. 
Mass 55-5 tons/ hr. 
Feed water temperature at entry to 
reactor 110°C 
REACTOR Core (Pebble-bed moving by gravity) 
Diameter 3-0 m 
Height 3-6 m 
Sphere diameter 6 cm 


Porosity 39% 
Average power density in core 2 MWt/m* 
Heat flow density average 10 W/cm? 
Heat flow density maximum 13W/cm? 


Maximum heat transfer figure 600 kcal/m!* 
Maximum temperature gradient between 

sphere surface and coolant 210°C 
Maximum temperature sphere surface 900°C 
Maximum temperature inside fuel 


material 1400°C 
Pressure drop in coolant gas 500 kg/m?* 
Maximum speed inside fuel heap at 

850°C 12 m/s 


STEAM GENERATOR : ' 
(4 separate sections, forced circulation) 


Diameter 3-5m 
Height 5-5 m 
Average temperature gradient between 

coolant and water/steam 170°C 
Maximum temperature of the tube 

material 560°C 
Maximum flow of the gas 9 m/s 
Pressure drop of coolant gas 80 kg/m? 
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The temperature coefficient itself no longer appears in this 
equation and this is due to the fact that in the basic approxi- 
mation, the temperature distribution is obliquely symmetrical 
with the central plane of the core. This means that local or 
temperature dependence of the buckling disappears. 

In normal operation a power offtake of less than 40% 
maximum is not foreseen. Figure 1 shows that in this output 
range, the variation in gas exit temperatures remains by 50°C 
within the permitted limits for the steam-raising equipment. 

In addition to these processes is a further control arrange- 
ment intended to deal with the increased xenon-poisoning 
effect resulting from a rise in power-levels. This, however, 
takes several hours to become effective and plays a minor 
role in rapid power-control operations. The importance of 
its effects will depend, as indicated earlier, on the degree of 
impermeability of the fuel elements. 

Figure 2 shows the characteristic temperature curve of the 
whole as its results from linking the core and steam 
raising unit. 

The steep graph represents the relationship between inlet 
and outlet temperatures for the core in various output ranges. 
These curves vary with height of fuel pile, burnup and poison- 
ing. 


/000-- 


Relation between 
mass flow and gas 
exit temperature. 
The curve is not 
valid for small mass 
flow values, say for 
| M<0°Il Mo, because 


9S5Or- 


| in this area power 
| transfer is already 
900 taken over by con- 
vection (Fig. 1) 
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The flattened curves represent the characteristic line field 
of the steam generator. In Figure 2 a representative case is 
taken as a basis. Both fields contribute to the characteristic 
line of the system core-steam generator. 


The steam generator 

The whole of the steam generator is supended by its own 
tubes, i.e. by cooled elements, from the inner vessel’s top 
shield. Compensation for heat expansion in the inner vessel 
is thus not necessary. Only the movements of the two vessels 
relative to each other are compensated outside the tube 
penetration points. The number of penetrations could 
be kept down to 120. Cross-links between tubes (collector, 
spray cooler etc.) are made solely outside the containment. 
Furthermore, there are no fittings inside the vessel and— 
apart from the holding fins on the supporting tubes—no 
uncooled sections of the steam generator, whose strength 
would be affected by carburation and embrittlement resulting 
from contact with graphite at high temperatures and thus 
imperil the safety of the suspended structure. 


54 








ment was paid to compactness. To use the circular cr )s5- 
section above the circular core to the maximum, an invo ute 


disposition of the tubes was foreseen. In this layout ther : is Re 


an opening in the centre which is occupied by a central ti be, 
To save space in the vertical plane, the heating surt ace 
segments (see Fig. 3) are placed so that the temperat ire 
differences between gas and steam are effectively exploiied 
even when operating at partial loads (approach temperatur:s), 
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To obtain as near as possible equal heat transfer to all parallel 
tubes from the gas stream, the direction of the evolvent 
(involute) is changed for each tube layer so that, looking 
along its axis, the tubes of two adjacent layers lie crosswise. 

In this way, it has been possible to build in a cylindrical 
space 5-5 m (18-05 ft) high and 3-5 m (11-48 ft) dia. a steam 
generator producing 55-5 tons/h of hot steam at 505°C and 
75 atm. cooling the helium from 850°C to 180°C. Also there 
is some reserve in hand for the possible blanking off of some 
of the tubes. Furthermore the heating surfaces have been 
generously calculated as, so far, the heat transfer coefficients 
for crossed tube bundles is not known. (The latter has in 
the meantime been determined experimentally on the basis of 
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Safe aspects 

Th. water and steam content of all tubes in the steam 
gene (or at full operational load amounts to somewhat 
less ‘an four tons. To keep penetration of steam or water 
into the primary circuit to a minimum if a tube should fail, 
the «ole steam generator is divided into four parallel and 
independent sections (see Fig. 4). 

When the content of a section empties, the 1000 kg of 
water (approx.) increase the total pressure in the reactor 
vesse! by about 5 atm. to 15 atm. (The inner vessel is so 
designed that internal pressure can rise to 30 atm. on condi- 
tion that external pressure in the secondary vessel remains 
around 10 atm.) It is intended under these conditions to cool 
down the reactor with the help of the three undamaged 
sections, thus protecting the tubes of the failed section from 
overheating and carburation. As soon as the defective tube 


























to) 
temperature, C—> 
— es . re i in 
| | | 
a Cr | | 
gas temp. | 
_ % + water or steam F 
| € jtemp. | economizer 
ae ert x 4 —+— se 
me ct 8 | | 
: ae ial S i #i 
\. _ ct! 2 eek —|—|—|—|— Y 
1 i alett + 
: a | ar | e } evaporator 
= ‘ami wom | ~ \ | | 
= =, aa | & tEtt4it st +— 
Resa pees eee ® -+4+443444-4 } 
ae Nese — < | | 
_—— "ne | H | superheoter 
xe a=, Bre See2 2s 
— L - — © 





Temperature course in the steam generator (Fig. 4) 


has been found, it is closed off by welding at each end. It is 
not proposed to replace defective tubes and the excess heat 
exchange surface capacity will take care of this. 

Possible operational dangers to the reactor containment 
vessel as a result of increasing internal pressure due to water 
penetration are to be the subject of further studies. It is obvious 
that after a tube failure the important thing is to prevent 
further supply of water to the leak. The high heat capacity 
of the graphite and carbon bricks around the core is adequate 
to vaporize large amounts of water. The defective section 
must be rapidly detected and isolated. 

Signals are emitted of various pressure measurements in a 
pre-determined order when pressure rises. If in spite of the 
various independent detectors and their various linkages 
with the switchboard (electrical, pneumatic fed by the 
pressurized air circuit and pneumatic fed by the blanket gas) 
the pressure inside the first vessel should continue to rise, then 
safety valves will open at the limiting pressure to blow over 
the gas/steam content to a pressure vessel in the secondary 
container equipped with a cooling water system (emergency 
cooling vessel) so that even in this case there is no contamina- 
tion of the secondary vessel or a pressure increase. Very 
small leaks in the tubes—hair leaks—will very quickly be 
discovered by detectors which analyse the coolant gas for 
carbon monoxide and hydrogen. 

No effect on the external safety of the reactor can result 
from a pressure increase in the internal pressure vessel. On 
the other hand, there is the possibility, that gas might 
penetrate through the defective tube and reach the turbine 
house through the secondary circuit. A primary con- 
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dition for this is that the pressure in the steam generator 
should have fallen to about that inside the reactor container. 
The path to the turbines is barred by a pneumatic three-way 
valve behind the high temperature steam collector for each 
section—which also provides for pressure relief in the steam 
generator should there be a tube failure—and the valve 
switches the gas/water stream to the emergency container. 
Furthermore, independently, a sliding plug closes the steam 
pipe if pressure falls to the level where gas can penetrate. 
A third safety measure is the closing of a pneumatic valve in 
the hot steam collecting duct behind the main steam collector 
if pressure drops to the maximum primary pressure. 

To deal with possible leakage through the seals of the 
turbine stop valves, air or water under pressure can be intro- 
duced into the pipeline. The safety valve between three- 
way valve and emergency condensing container also closes 
when pressure drops to the maximum primary gas pressure 
to avoid unnecessary contamination of the container. 

A further feature of the steam generator in the Avr reactor 
is the necessity that it should be completely leak-proof to 
prevent even the smallest amounts of water entering the 
primary circuit. Because of the high operating temperature, 
the reaction between water vapour and graphite (2) 
is not negligible and can adversely affect the operation of the 
steam circuit because of carbon dioxide attack on the tubes. 

In view of the UK experimental results and the disposition 
of primary gas and decontamination circuits, only a very small 
amount of water leakage can be tolerated. To reach the 
required degree of leak-tightness, the whole steam generator— 
plus allowances for measurement and calculation—must 
let through only 1 x 10-° I/s using as reference helium at 
1 atm. compared with a vacuum, as room temperature. 
With current testing methods, this is possible. 


Heat transfer in the reactor 

Calculation of the temperature in the various sections of 
the reactor was carried out with the well-known heat transfer 
correlations for which generally adequate data are available. 
On the other hand little research had been done on heat 
transfer from a heap of heat-radiating spheres to a gas passing 
through it. Major parameters here are the average temperature 
of the fuel elements as well as the solution to the question of 
how temperatures vary in a heat-producing randomly-packed 
fuel heap. 

In principle it is possible to heat either one or all of the 
fuel spheres and measure the temperature of the gas. But in 
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Heat transfer to air in the pebble-bed (Fig. 5) 
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both cases heavy experimental costs would be involved. For 
this reason, BBC-Krupp chose another method, that of 
determining heat-transfer by analogy with mass transfer. 
In the experiments, a number of moth balls (naphthalene 
spheres) were incorporated in a heap of fire clay spheres. 
The heap was traversed by an air blast. After a predetermined 
period (about 5 h) the naphthalene spheres were removed 
and their weight loss measured (about 8 °%). In this way, heat 
loss can be measured and variations in heat transfer according 
to the statistical differences in the positions of the individual 
elements can be determined. 

For air, the mean relationship is : 

Nu =0-65 « Re®-® 

The allowance for gases with a different Prandtl number 

gives : 
Nu =0-77 x Re®-® x Pr®-5 

In this the Pr-dependence is taken as the power 0-5 for 
gases with Pr</ in contrast with most of the data hitherto 
available which postulated a power of 0-3 for various media. 

Figure 5 gives the mean values obtained in a number of 


Temperature rise of 
fuel elements and 
coolant gas calcu- 
lated over the 
height of the fuel 
heap (Fig. 6) 





experimental runs, the points representing results for spheres 
inside the heap subjected to air flow. 

In the same figure there is a straight line giving the results 
of the formula established by us and a broken line representing 
the formula established by Denton (4) : 

Nu =0-58 x Re®-? x Pr®-3 

The mean variation of the heat transfer number throughout 
the whole fuel heap is +5°% ; the largest measured deviation 
from the mean value was 17°. As it is known that the tem- 
perature difference between the element surface and the 
coolant gas is inversely proportional to the heat transfer 
number, these small variations are valid for the anticipated 
temperature gradients. 

The known heat transfer relationships are generally valid 
only where there is a relatively small difference in temperature 
between heating surface and gas because of the close tem- 
perature-dependence of the values for solids. 

With the density of heat flow in the case under considera- 
tion and the resulting large temperature differences in the 
reactor gas, variations from this relationship can be antici- 
pated (5). 

Figure 6 shows the variation of the temperatures 7; of 
the fuel element surfaces /coolant gas calculated over the height 
of the fuel heap H. The density of the heat flow stream is g 
also represented as the thermal output, N, of each fuel 
element. \7=7;~-o is the mean temperature gradient be- 
tween fuel element and coolant gas. Maximum temperature 
inside the spheres in the core of the fuel elements is about 
1400°C at full operating load. 

In the construction of the reactor, special attention is being 


paid to the fact that all the steel components must oper. te 
at temperatures under 600°C. In this way danger of carb on 
pick-up by the steel will be minimized. The coolant gas, af er 
leaving the steam generator at 180°C, is led through a cylind i- 
cal gap between pressure vessel and reactor casing, flowi 1g 
over the thermal shield. For most of the components 
except the steam generator—temperatures in all reactor 
operating conditions will thus be kept considerably belc w 
300°C (Fig. 7). In this way, for instance, ordinary steel cn 
be used for the pressure vessel. To obtain only a small ter 1- 
perature gradient for the first biological shield (heavy co \- 
crete) and to maintain as closely as possible normal operatit g 
temperatures should there be a steam generator fault, a 
circulation of blanket gas between the two containmert 
vessels will be necessary. 

In the graphite reflector, radiation absorption and in- 
sulation from the coolant gap by the carbon bricks causes 4 
slight rise in temperature. This prevents any significant 
build-up of Wigner energy, even in the lower and cooler 
areas of the reflector. 

As already stated, the absorber rods are not to be used for 
control but only for shut-down of the core and in emergencies 
(scram action). In normal start-up of the installation the 
reactor can be left just critical under nil load and the heat 
produced by the chain reaction is balanced by that lost to 
the steam generator and the reactor walls. To keep this loss 
as low as possible, the natural circulation of the coolant gas is 
stopped by closing the main gas duct valves and the reactor 
will remain hot critical without cooling from the blowers 
In the first few days after shut-down the average core tem- 
perature will rise from 650°C to 850°C through fission pro- 
duct decay heating until the declining residual heat comes into 
balance with heat losses to the reactor walls. The 
possibility of keeping the reactor critical without coolant 
circulation represents an important safety factor in cases of 
operational stoppages and makes operation much simpler. 
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By raising gas pressure and blower output, the power 
output could be increased several times while main- 
taining the same overall dimensions. Before this step, 


however, operational experience of the behaviour of the 
prototype reactor at high temperatures, the diffusion of 
fission products from the graphite-canned elements, the 
purification of active coolant gas and the uranium/thorium 
breeding cycle with a view to obtaining optimum fuel util- 
ization. 
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This plant has been designed to provide 
a flexible instrument for studying perform- 


ance under all types of BWR operation 


The Kahl Nuclear Power Station: 


zero power tests and planned modifications 


by Dr HANS-JOACHIM BRUCHNER, AEG-Kernenergieanlagen, Frankfurt|Main 


be BUILDING LAYOUT of the Kahl Station is shown in Fig. 1, 
which is a recent photograph. The reactor, the complete 
primary circuit and related auxiliary systems are located in a 
gas and pressure tight steel enclosure, the reactor contain- 
ment. Active wastes are treated in a separate building which 
also houses the storage pool for spent fuel elements as well 
as a locked compartment for storage of unirradiated fuel 
elements. The burial pits for disposal of solid and liquid 
wastes also belong to the control area of the plant. The 
non-active zone comprises the service building with offices, 
laboratories and workshop, the control room building 





PROPOSED PLANT EXTENSION 
Germany's first nuclear power station has a 15 MWe light 
water natural circulation BWR, which went critical on Nov- 
ember 13, 1960. Provision has been made for doubling the 
design power and changing to forced circulation ; the second 
turboset may then be operated in a direct cycle. 











annexed to it and the turbine building with the secondary 
cycle and related auxiliary systems. For further information 
see refs. (J-4). When the plans for plant power increase are 
implemented, this turbine building will be extended towards 
the River Main in order to accommodate the second turboset. 

Figure 2 shows a simplified heat flow diagram and is 
essentially self-explanatory. 118-5 t/h of saturated steam are 
produced in the reactor at a thermal power rating of 55-5 MW 
and at a pressure of 71:3 atm and transmitted to the steam 
transformer. The condensate is subcooled to 227°C in the 
condensate subcooler and then returned to the reactor 
pressure vessel, where it mixes with the water which has not 
been evaporated while rising through the coolant channels. 
Secondary saturated steam of 105 t/h at 47-8 atm is produced 
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and dried in the steam transformer and sent to the AEG wet 
steam turbine. Since in a BWR reactor pressure must be 
maintained in spite of sudden load trips, excess secondary 
steam can be bypassed directly to the condenser, which has 
a vacuum of 0-035 atm and which is cooled by 4200 m*/h of 
River Main water. Preheating of condensate and feed water 
is carried out in the usual manner. A number of auxiliary 
systems supplement the primary circuit; one of these, namely 
the bypass water purification system, can be seen in Figure 2. 


MAIN COMPONENTS 

It should first be mentioned that the design of plant com- 
ponents that contain or are likely to contain activity at high 
pressure and/or temperature was generally based on either 
the German code (AD-Merkblatter, DIN-norms etc.) or the 
ASME Boiler and Pressure Vessel Code, Section VIII, which- 
ever code rule would guarantee the greatest safety. The 
Technischer Uberwachungs-Verein (TUV) of Bavaria was 
charged with checking whether all relevant code rules had 
been observed. Apart from that, the TUV as a neutral and 
independent organization was also responsible for testing of 
materials as well as of workshop and on-site construction of 
such plant components. 


Reactor pressure vessel 


The reactor pressure vessel was fabricated by the Mannes- 
mann Hiittenwerke AG of Duisburg. It is cylindrical in 
shape, its dimensions being 2438 mm (8 ft) inner diameter and 
8230 mm (27 ft) inner height. The weight, including the lid, is 
103 tons. 

The bottom is hemispherical, thus ensuring that at system 
pressure the axes of all 21 control rod nozzles penetrating the 
bottom remain parallel to the vessel axis. The lid, having the 
same inner diameter as the vessel, is connected to it by 44 
bolts of 105mm (4-13 in) diameter, which will be heated 
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for fastening and unfastening of the lid such as to avoid 
torsional stresses. The gasket is formed by two concentric 
metal ring seals, designed to sustain repeated lifting and 
lowering of the lid as well as repeated temperature and pressure 
changes. Both sides of the gasket seat consist of an overlay 
welded and hardened nickel alloy with polished surface. All 
nozzles were designed such as to keep thermal stresses 
at welding joints as low as possible if feed water entering 
the vessel were colder than its walls. 

The plant extension up to about 30 MWe, now being con- 
templated, has been taken into account in the following way: 
the steam outlet and condensate inlet nozzles have been 
designed for double flow rate, each with 350 mm (13-8 in) 
internal diameter. Four nozzles of 457-2 mm (18 in) i.d. have 








Photograph of plant taken after completion; reactor building 

in centre; turbine building, control room annex and services 

building towards the left of reactor building; building for waste 
treatment on the right (Fig. |) 


been provided for the installation of two forced circula- 
tion loops; they are at present blind-flanged. Provision has 
also been made for adjusting reactor internals such as thermal 
shield and baffles as well as orifices for coolant flow. Apart 
from a redesigned core, no further change in the reactor 
pressure vessel is believed to be required for the power 
increase planned for the future. 


The design and operating data for the pressure vessel are: 


operating pressure 71-3 atm 
operating temperature 285°C 
design pressure 89 atm 
design temperature 343°C 

test pressure 133 atm 
maximum thermal stress due to irradiation 

at core midplane 2:3 kg/mm? 


(1-46 tons/in*) 

Thermal stresses in addition to those induced by irradiation 
will be kept within permissible limits by adhering to the 
operating manual. The minimum permissible time for the 
reactor to attain operating temperature from ambient 
temperature or vice versa is six hours. 

The pressure vessel, i.e. cylindrical part, bottom and lid, 
is made of plated steel sheet with 98mm (3-86in) wall 
thickness and 6-5 mm (0-24 in) plating. The base material for 
the vessel, flanges and nozzles of more than 150 mm (5-9 in) 
i.d. is carbon steel type 19 Mn5 with 0°4-0-6°% Mo and a 
Co-content of 100 ppm only. This type of steel corresponds to 
ASME type 302 B, which has been tested extensively under 
irradiation. The plating consists of Nb-stabilized stainless 
steel type 4550 (X10 CrNiNb 189), being overlay welded with 
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the base material at nozzle joints. Nozzles of 150 mm (5-9 in) 
id. or less are fabricated entirely out of this steel type. The 
bolts to fasten the lid flange are made of steel type 21 CrMcV 
511, their nuts of 24 CrMoS. 


Steam transformer and condensate subcooler 


The steam transformer was fabricated by the Gutehoi/- 
nungshiitte AG, Sterkrade, and is of the vertical tube-bund'e 
type with fixed tube sheets. Primary steam flows through the 
shell side so that non-condensable gases like hydrogen and 
oxygen being formed by radiolysis can be tapped off easi'y 
before treatment in the off-gas-system. Secondary feed water 
at steam saturation temperature rises in the tubes and returns 
to them through external downcomers by natural circulation. 
Secondary feed water is evaporated and dried in a chamber 
above the upper tube sheet; steam-water separation is 
accomplished in a coarse and a fine stage, i.e. by a centrifugal 
and a deflection separator. Figure 3 shows the assembly of 
the steam transformer in the reactor building. 

The condensate subcooler was fabricated by the Vereinigte 
Kesselwerke AG, Diisseldorf, and is a horizontal U-tube 
heat exchanger with two separate tube sheets, thus reducing 
thermal stresses in a much better way than in case of a single 
tube sheet. The primary condensate passes through the tubes, 
whereas secondary feed water flows through the shell side. 

All parts in contact with primary circuit water are made 
out of or plated with corrosion-resistant stainless steel of the 
18/8 Cr-Ni type. The steam transformer tubes, however, 
consist of corrosion-resistant ferritic steel (X8 CrNiMo 225), 
which possesses the same thermal expansion coefficient as 
the shell material, thus minimizing thermal stresses to the 
greatest possible extent. Figure 4 shows the assembly of the 
condensate subcooler in the reactor containment. 


SOME SAFETY ASPECTS 


The various assignments of the Technischer Uberwachungs- 
verein (TUV) have already been mentioned. In addition, the 
TUV was also charged with reviewing all safeguard provisions 
of the Kahl Nuclear Power Station. The Bavarian licensing 
authorities have required the TUV to procure an expert 
opinion, on which the authorities could base their decision 
with regard to the operator’s application for a construction 
and an operating license. 

It was not until 23 December 1959 that the much pub- 
licized Atomic Law of the Federal Republic of Germany was 
enacted and proclaimed. Together with an Amendment of 
the Federal Constitution, this Law brought about a change in 
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the licensing procedure in that it is vesting the Federal Govern- 


ment \ :th the power of licensing, whereas the formerly solely 
compe'cnt state authorities must now execute its rulings. 
Among other things, this new legal situation had the 


consequence that, in addition to the TUV, the Reactor 
Safeguards Commission also had to review the hazards 
summary reports. Thus, Kahl Nuclear Power Station has had 
a twofold full scale nuclear safety review and inspection. 
Apart from the TUV and the Reactor Safeguards Com- 


missi¢ many other authorities and boards participated 
according to their competence in every phase of the licensing 
procedure, 

As a specific example of the safeguard aspects of the Kahl 
Station, the reactor containment design is selected, because 


the contemplated plant extension has an important bearing 


on it 


Design of reactor containment 


As is well known, the reactor containment must be designed 
so as to prevent to the greatest extent possible the release of 
fission products and other radioactive fuel components to the 
atmosphere external to the reactor containment in the event 
of the highly improbable accident of fuel canning and primary 
circuit rupture. Therefore, the safety barrier formed by the 
containment shell must be capable of withstanding the excess 
pressure that would be built up in the inside in the course of 
the concomitant release of all the energy stored in the primary 
coolant medium, possibly enhanced by additional energy 
releases due to a nuclear excursion, chemical reactions and 
later dissipation of decay heat. 

As to the Kahl Nuclear Power Station, the reactor con- 
tainment was designed for an internal excess pressure of 
5-5 atm at a temperature of 155°C. These values already 
include the allowance to be made for future plant extension, 
since for the present plant power of 15 MWe only a maximum 
excess pressure and temperature of 3°43 atm and 135°C 
respectively must be expected, regardless whether the post- 
incident cooling system for the reactor building would 
operate or not. 

Since the containment dimensions (cylinder with hemi- 
spherical dome and bottom) are overall height 46 m (151 ft), 
20:50 m (67-2 ft) of which is below ground level, and outer 
diameter 13-7 m (44-9 ft), this then leads to a wall thickness 
of 21 mm (0-827in) in the cylindrical part and 12mm 
(0-472 in) in the hemispherical parts for the type of con- 





Steam transformer being assembled in containment (Fig. 3) 
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Condensate sub- 
cooler being 
assembled in con- 
tainment (Fig. 4) 





struction steel used (Ruhrstahl BH 38 KW/KA, equivalent to 
17 MnAl3). 

The successful pressure test was carried out in March 1959 
at a test pressure of 6-8 atm gauge under ambient temperature, 
this value being the 1-1-fold design pressure times the yield 
point ratio. The leakage rate was measured at design pressure 
for 48 h with all penetrations blind-flanged. It turned out to 
be less than 0-25 vol %/day, which is believed to be the best 
technically attainable limit. 

The reactor containment rests in a caisson, which is lined 
with a water proof insulation to seal against ground water. 
All entrances to the building, i.e. personnel air lock, emer- 
gency air lock, materials air lock and temporary assembly 
opening, are located above an earth heap of 3 m (9:8 ft) above 
normal ground level. This protects against floods so that there 
is only one chance in a thousand years that the Main level 
will ever reach the sills of the containment entrances. Also the 
containment has been surrounded by a 70-cm (2:3 ft) layer of 
concrete to provide adequate shielding for the environment 
against direct radiation emanating from a cloud of air-borne 
activity that may be hovering in the building in the event of 
an accident. Below this layer of concrete there is a 5-cm (2 in) 
layer of glass wool for thermal insulation. 

Figure 5 gives an idea of the arrangement within the 
containment building. There are five floors connected by a 
stair case, which is the shortest possible escape route in 
emergency. The reactor vessel is installed eccentrically, thus 
providing enough space to accommodate the forced 
circulation loops and possibly another steam transformer 
as well as condensate subcooler if, unlike at present envisaged, 
the plant power were to be increased in an indirect rather than 
direct cycle. 


ZERO POWER TESTS 

These were carried out under the responsibility of AEG with 
the aid of the future plant operator VAK (Versuchsatom- 
kraftwerk Kahl GmbH), and of the US General Electric 
Company in three phases within a period of one month, 
i.e. from Nov. 11 until Dec. 11, 1960. To facilitate under- 
standing of the work done in each phase a brief description 
of the reactor core, designed by GE will be given. The full 
operational core consists of 88 fuel elements. Each element 
is a square assembly of 36 fuel rods and surrounded by a 
guide channel, which is normally of zircaloy-2 apart from 
the beginning of the first fuel cycle, when Zr-2 is replaced by 
slightly borated stainless steel in 60 channels in order to 
compensate the initial excess reactivity. Each fuel rod, 
average diameter of 14-45 mm (0-569 in) and cold active 
length of 152-4 cm, is made up of two segments and clad by 
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Zr-2. 
density 95% theoretical), 
from the first core charge, half of which being enriched to 


The fuel material consists of UO, pellets (average 
enriched to 2°3°% U-235 apart 


2:6°% U-235. There are 21 cruciform control rods, which 
enter the reactor vessel at the bottom and which have poison 
sections of 2° boron steel, the total stroke of each rod being 
152 cm (5 ft). For reactor start-up a Sb-Be neutron source is 
being used. Further data on the core can be found in the 
references. 

The first phase included the loading of the minimum critical 
core charge and reactivity measurements therewith. The 
approach to first criticality was carried out in the usual manner 
by plotting the reciprocal of neutron flux readings against the 
number of elements loaded. The minimum critical core charge 
was found to consist of 29 elements with stainless steel 
channels, 16 elements having 2-3% and 13 having 2:6% 
U-235 enrichment. With this charge and with all control rods 
fully withdrawn a period was observed at a reactor temperature 
of 38°C that corresponded to an excess reactivity of 0-13096Ak. 
To measure the temperature coefficient of reactivity with this 
core loading the water in the reactor vessel was heated up to 
74°C by steam coming from the adjacent RWE thermal power 
station of Dettingen. By correlating the temperature against 
time and reactivity against time curves a positive temperature 
coefficient was obtained for the temperature region observed 
and for all control rods but one fully withdrawn. To determine 
the void coefficient of reactivity, another fuel element was 
loaded, and a fuel element of either 2-3 or 2-6°% enrichment 
was especially prepared by suspending small plastic tubes into 
the spacings between its fuel rods so that the water in them 
could be displaced by pressurized air. Then two period 
readings were taken, both with water and with air in the tubes. 
Depending on the enrichment and lattice position of the void- 
fuel element the reactivity coefficient turned out to lie in the 
range between —10~* and —10°°Ak/AV with a volume 
change corresponding to 10%. 

In the second phase of zero power tests the minimum 
critical core charge was completed to the full operational core 
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Longitudinal section of reactor building (Fig. 5) 






in several steps, each time determining the safety marzin 
available for shutdown of all control rods already belonging to 
the core. For the full operational clean and cold core this 
safety margin amounted to 7-7%Ak. The void coefficient of 
reactivity for the full core was of the same order of magnitude 
as quoted above. The temperature coefficient of reactivity was 
now measured in the range from 38°C up to 85°C, both at 
rising and falling temperatures. At the lower end of this range 
it was again positive, but it turned negative in the temperature 
region between 63° and 75°C, depending on the particular 
control rod configuration. To conclude this phase of the zero 
power tests several control rods were calibrated, and critical 
control rod configurations were determined. It was found 
that three control rods of a central group of four had to be 
withdrawn fully, while the fourth rod had to be inserted 
partially. 

In the third and last phase the sequence was established 
according to which control rods are to be withdrawn from 
the core in the normal approach to criticality of the full 
operational core. Also the rate of reactivity Change upon 
withdrawal of any rod of the central group was measured. 
The largest value was found to be 0-79 10-8Ak/s for a 
configuration in which the central rod was partially 
inserted and the four rods surrounding it were fully withdrawn. 
Finally the microscopic and axial neutron flux distributions 
in a few selected fuel element assemblies were determined by 
activating Mn-Cu alloy wires. The results obtained clearly 
exhibit the effects expected by theory with regard to the 
irregularities in the fuel-moderator lattice. 


CONCLUSIONS 


A few remarks remain to be made with regard to the plant 
extension contemplated for a later phase of construction. 
This plan was actually induced by the operating experience 
of EBWR and vBwr, in the course of which the potential of the 
BWR type for considerable power increase was successfully 
demonstrated. For the Kahl plant it is hoped to extract as 
much as twice the present power out of the same reactor 
vessel. This is tantamount to the requirement of adequately 
redesigning the reactor core so that twice the present mean 
power density can be attained, this being only 24 kW/I of 
core volume. This is believed to be possible in principle, since 
average power densities of the order of 50 kW/] at the same 
reactor pressure as the Kahl reactor have already been 
achieved sometime ago in the vBwr with certain fuel element 
types and with stable natural circulation. Nevertheless, more 
development efforts are still being spent to find out which 
core design will eventually be the most economical for this 
purpose. 

Apart from that, the work remaining to be done is straight- 
forward, if the plant extension is to be implemented in the 
manner currently envisaged, since all necessary provisions for 
the installation of forced circulation loops and of another 
power extraction cycle, either direct or indirect, have already 
been made. There exists some likelihood, however, that the 
present plan for plant extension may eventually be adjusted 
to include some provisions for nuclear superheat. 
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The Siemens 


The project has both long- 


term and short-term goals 


Multi-Purpose Reactor Design 


by Dr ALBERT ZIEGLER, Siemens-Schuckertwerke AG, 
Reactor Development Dept., Erlangen 


ONSIDERING THAT THE natural uranium D,O reactor is, 
t generally speaking, an attractive concept it was decided 
some years ago to initiate a programme by developing a 
pressure-vessel reactor. Preference was given to a pressurized 
water type for which the largest amount of reliable informa- 
tion was available. In designing firstly a 100 MWe reactor 
it was realized that this type would be very suitable for fuel 
testing under high temperature conditions. On the other 
hand we felt that a high flux testing reactor was urgently 
needed in Germany for further reactor development work for 





REACTOR DATA 
Type: D:O moderated and cooled, natural uranium 


Thermal output 200MW 
Turbine power 5SSMW 
Inlet coolant temp. 252°C 
Outlet coolant temp. 280°C 
Fuel UO, pellets 
Canning zircaloy 


Mean thermal neutron flux 1.2 x 10" n/cm?*s 


RESEARCH AIMS 
Tests of natural uranium power reactor fuel 
elements under operating conditions 
In-pile loop research on coolants 
Material testing 
Behaviour of heavy water as coolant and moderator 
during operation 
Research leading to the 
Th-U-233 cycle 
Production of radioisotopes 
Production of fissile materials for future reactor 
Tests on new construction designs 


introduction of the 











different industrial groups. Knowing this the design was 
changed to a 50 MWe power producing and fuel testing 
reactor, which was offered to the Federal Minister for 


Atomic Power. This reactor, known under the designation 
MZFR (Mehr-zweck-Forschungsreaktor) has some charac- 
teristics which, for a prototype, are somewhat unusual. While 
the size of 50 MWe is too small to be economic, an appreci- 
able share of the expenses can in any case be covered by the 
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energy produced. In addition, the plant is to serve for testing 
fuel elements and reactor materials and is, for these purposes, 
equipped with special facilities. Since only the balance of 
costs has to be borne by the use of the test loops, the reactor 
should prove to be a rather economical testing reactor, 
together with experience in power reactor operation. 

It was realized from the beginning that the largest vessel 
which could be welded and machined in a workshop and 
transported by rail would have to be used, since the reacti- 
vity margin was definitely the crucial point and decisive 
for the quality of the reactor. Having fixed the vessel dia- 
meter the optimal arrangement of a natural uranium core 
fitting into the vessel and representing the best possible 
compromise between excess reactivity and power costs had 
io be decided. 


REACTOR DESIGN 

The lay-out of the reactor is shown in Fig. 1. In a pressure 
vessel of 4:1 m (13-45 ft) inner diameter a second, so-called 
moderator container of 3-8m (12:5 ft) inner diameter is 
suspended. It is penetrated by a hexagonal lattice of vertical 
shroud tubes which constitute 121 coolant channels and 
connect the inlet chamber below the moderator container 
with the outlet chamber above it. As the shroud tubes are 
insulated by layers of stagnant water the moderator can be 
kept relatively cool. Each shroud tube consists in the core 
region of zircaloy-2, and outside the core of stainless steel. 
The upper ends are fitted into corresponding openings in 
the pressure vessel lid which are leak-tight sealed by special 
high-pressure closures. These allow both the fuel elements and 
the shroud tubes to be withdrawn through the openings. 

The coolant from the two main circuits enters the reactor 
vessel and flows downwards through the cylindrical gap 
formed by the walls of the moderator container and the 
pressure vessel along both sides of the thermal shield into 
the inlet chamber where it is distributed to the different coolant 
channels. The channel openings are equipped with orifices, 
the diameters of which are chosen so as to adapt the coolant 
velocity pattern to the radial power density distribution, en- 
suring the exit temperature to be the same for all channels. 
The coolant passes from the outlet chamber through two 
pipes to the steam generators after leaving the channels 
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through longitudinal slots at the upper end of the fuel section. 

A small part of the coolant flow is cooled to a lower 
temperature and pumped back into the moderator container, 
where it is distributed uniformly by a sparger close to the 
bottom. The water, while it rises slowly between the coolant 
channels, is heated up to 100°C or more above the inlet 
temperature. It then leaves the moderator vessel through 
several openings in the upper part of the cylindrical wall for 
the outer ring-shaped gap, where it mixes freely with the 
entering coolant flow. 

The free space in the upper and lower part of the vessel is 
occupied by fillers, conserving heavy water and greatly 
reducing the radiation level, particularly at the top. 


FUEL ELEMENTS 


Each channel holds a couple of fuel elements joined 
together and a filling piece by which the upper element is 
attached to the top seal. The connexion is accomplished by 
special couplings. As shown in Fig. 2, each element consists 
of a bundle of 37 rodlets each of which contains UO,-pellets 
enclosed in a zircaloy tube of 10-5 mm (0-976in) inner 
diameter and 0-6mm (0-056in) wall thickness. At either 
end the rodlets are fixed in plates, and spacers are provided 
along the elements at a distance of about 30cm (28 in) 
from each other. 


CONTROL RODS 


For control and shut-down purposes, but not for shim- 
ming, seventeen absorber rods are provided. These consist of 
corrosion-resistant Cd-In-Ag-tubes of 60 mm (2-36 in) 
outer diameter. They are arranged obliquely and penetrate 
the vessel lid near the periphery, leaving the middle part 
above the reactor free for moving the fuelling machine. 
The inclination of the control rods is only 20°, so that they 
are sure to drop by gravity, when not energized. The control 
rods are moved by specially developed magnetic jacks, the 
shut-down movement by gravity being accelerated by a 
loaded spring placed at the upper end of the control device. 
Since the shimming of reactivity changes due to burnup and 
Xe-poisoning is accomplished by variation of the moderator 
temperature, one single rod will suffice for control purposes 
while the other rods are merely safety rods. 
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. Section and plan of the multi-purpose 

outlet reactor (MZFR), this is the new 

designation for the modification of 

the SNDR Ib (Siemens-Naturanium- 

; D.O-Reaktor) Ib indicated that it was 
thermal! — —_ : 

shield SG6, - a pressure vessel type with the 

cooling channels SGee@e@00& fuelling machine outside the vessel 


(Fig. 1) 


FUEL LOADING SYSTEM 

The reactor and the fuelling machine are designed for 
refuelling under load. The procedure is as follows. The 
7-m (23-ft) long fuelling machine suspended in a carriage 
is moved over a certain element position and lowered 
on to the closure head. A sealing ring is then pressed down 
against a sealing face by the heavy weight of the machine, 
about 20 tons. A magazine drum inside the machine has five 
axial receptables, two of them being designed for holding fuel 
element columns, two others equipped with special tools for 
handling the closure, and the last one containing a reserve 
closure. The vertical movement of all parts is effected by a 
spindle and ball nut. After the closure has been unscrewed 
by a special key, another key is fitted into the head piece and 
locked. Then the whole fuel element column can be lifted 
and drawn up into the drum magazine. A new fuel element 
column is then swung into the position and lowered into the 
reactor core. A third key is used to lock the seal by screwing 
it home. After pressure release and leak testing the machine 
can be lifted and moved over to the shuffling machine. As the 
fuelling machine has its own cooling circuit it is possible to 
hold its temperature below 100°C. 

It should perhaps be mentioned that not only normal, 
but all types of water-cooled test elements can be handled 
equally well by the same fuelling machine. 

In the re-shuffling machine the elements can then be dis- 
connected by simply turning the rotary drum and rearranged 
so that the lower element comes to the top and the upper to 
to the bottom whereupon the re-shuffled column is taken over 
again by the fuelling machine. A completely burnt fuel 
element column, after having been replaced by the re-shuffled 
one is carried by the fuelling machine to the fuel element 
lock, where it is dried, so that no heavy water is lost, and 
deposited in the fuel-storage pit. If the burnup amounts to 
4000 MW4d/t, as is expected, such a loading procedure has to 
to be done every 24h, preferably at night, as the reactor 
power has to be lowered to 80%. 

INSTRUMENTATION 

For neutron flux measurements eleven ionization chambers 
outside of the pressure vessel are provided, each of them 
being enclosed by specially arranged reflector material. Four 
uncompensated ion chambers are arranged around the re- 
actor, at angular displacements of 90°, to indicate any devia- 
tions of the neutron flux distribution from the regular cylindri- 
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cal s. ametry. Three of these chambers are used in a two-out- 
of-t:ree-system to establish the existing value of the neutron 


flux ‘or the control system, the fourth being held in reserve. 
Also. three compensated chambers for the low-power range 
are connected to logarithmic channels to measure the re- 
actor period. Independently three other ion chambers are 
provided in a two-out-of-three-system for safety purposes, 
one again being kept in reserve. For the initial start-up a 
neutron source and Geiger counters have to be used, but 
after a short operating time this is no longer necessary, 
as the photoneutron production in D,O will create a neutron 


flux density of the order of 10°n/cm?s. 

While inside the pressure vessel the neutron flux will not 
be measured provision for temperature measurements is 
made at the exit of forty coolant channels and at twelve 
important points in the moderator by means of special 
thermocouples. Additional thermocouples are installed in the 
inlet and outlet ducts, and are accessible for maintenance; 
only these are used for control purposes. 


PRIMARY CIRCUITS 
The heat produced is transferred from the reactor to the 
secondary system by means of two main coolant circuits, 
both consisting of a steam generator rated at 70 MW, a 
canned-rotor pump for a flow rate of 2325 m*/h at 7 atm 
pressure rise, and two hydraulically operated valves. The 
piping is kept extremely short. Either steam generator pro- 


Section through a fuel element (Fig. 2) 
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duces 152 tons of saturated steam per hour at 238°C and 
33 atm, which is then fed to the turbine. Preheating of the 
feed water is done partly by means of bled steam and partly 
by the heat transferred in the two moderator heat exchangers, 
the primary side of which is fed with 4:-5% of the main 
coolant flow rate. The inlet temperature of the D,O pumped 
back into the moderator vesse! may vary between 70° and 
200°C according to whether the secondary feed water enters 
the first heat exchanger cold or already preheated to a higher 
temperature by bled steam. In this way the average moderator 
temperature can be adjusted to any desired value. 

The steam generators are of the vertical U-type with 
D.,O inside the tubes. The heavy-water part below the 
plate has an unusual design. The space is subdivided by a 
separating sheet into an inlet and an outlet chamber. Instead 
of a manhole there is a big opening, allowing free access for 
repairs and closed normally by a seal-welded flange. This 
is domed towards the inside in order to save heavy water. 

Since big temperature differences exist in the moderator 
heat exchangers between inlet and outlet, a vertical arrange- 
ment with straight tubes and plates on both sides has been 
chosen. Its upper plate is in fact the bottom of a suspended 
chamber, whose inlet tube connexion to the vessel wall is 
made elastic by bellows to compensate for thermal 
expansion. The main circulating pumps are vertical single- 
stage canned-rotor pumps, with spiral housing welded to the 
piping. For repairs only the motor housing, which is bolted 
down and seal-welded, has to be removed. 

In the pressurizer, which has a volume of 15 m*, a number 
of vertical heater tubes is mounted to a large bottom flange. 
The heating rods, laid out for 800 kW, can be inserted into 
the tubes from the outside. During operation, the water 
level is controlled in such a way that the ordinary volume 
change due to moderator temperature variation is taken up 
by the pressurizer, while for fast suppression of overpressure 
transients a water spray system is installed. The pressurizer 
is able to maintain the system at a pressure of 90 +2-5 atm. 


AUXILIARY CIRCUITS 

The feed and bleed system, which compensates for all 
volume changes exceeding the capacity of the pressurizer, 
consists of a regenerative heat exchanger, a reducing valve, 
two coolers, a D,O storage tank, and two high-pressure feed 
pumps. During operation, a steady flow of 4 m*/h is fed into 
the system, whereas the water flow bled off the system is 
regulated corresponding to the pressurizer water level. In a 
communicating circuit the water can be degassed and loaded 
again with fresh deuterium gas up to the normal concentra- 
tion of 30cm?/l, in order to reduce the concentration of 
radiolytic oxygen. The relatively small quantity of oxygen 
that is produced can be removed from the system, if necessary, 
together with the deuterium and burnt in a catalytic re- 
combiner. 

The dissolved and the solid corrosion and fission products 
are removed in ion exchange columns. For replacement and 
drying of the ion exchange beds additional arrangements 
are provided. The re-enrichment of the D,O is carried out in 
two distillation columns. The capacity of the plant will allow 
300 | H,O per year to be removed from the system. 


CONTROL SYSTEM 
The total heat producing and transferring system has two 
independent degrees of freedom as far as its stationary be- 
haviour is concerned, namely the power and the tempera- 
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ture level. The control system is such that the temperature 
level may be chosen freely, whereas the power has to be 
regulated in such a way that the average coolant temperature 
will be held constant. 


REACTOR BUILDING 

The reactor itself and the primary circuits—including the 
more important auxiliary circuits as far as they carry radio- 
activity or D,Q—are housed in a spherical steel contain- 
ment of 30 m (98-4 ft) diameter. |The lowest point of the 
sphere lies 7 m (23 ft) above ground, which is just 
sufficient for lifting the heavy components such as the 
reactor vessel and the heat exchangers through three big 
openings into the containment by means of the built-in 
rotary crane of 100-ton load capacity. No additional lifting 
device is required. The interior of the containment is sub- 
divided into several rooms of varying degree of accessibility. 

The reactor room houses the reactor and control rods, 
the loading and re-shuffling machines, and the fuel element 
lock, which leads down to the storage pit. If the reactor is 
shut down the reactor room is accessible for maintenance. 

Adjacent to opposite sides of the reactor room there are 
two shielded heat exchanger rooms, which house the main 
primary circuits. Due to the very strong, short-lived N-16 
activity they are not accessible during operation, and for a 
few hours after shut-down. 

The quadrant between the two heat exchanger rooms on 
the side towards the turbine hall is available for the test loop 
equipment. At the other side of the reactor room is a room 
for auxiliary equipment, which, under normal conditions, is 
accessible for inspection and service. The space outside the 
heavily shielded rooms is subdivided in three floors. The 
main service floor, however, is situated above these rooms. 
At the level of the middle floor, a passage connects 
the containment to the turbine house, where the control 
room is located. The main steam ducts and the feed-water 
piping are arranged under the bridge, while the control and 
measuring cables are fixed at the left and the right sides 
respectively. Most of the power cables from the switch gear 
building are placed underground and introduced into the 
containment from below. 

The concrete cylinder supporting the reactor building 
rests on a foundation 9m (29-5 ft) under earth level. It 
houses the fuel element storage pit and the coolers for the 
intermediate cooling system. 


TEST FACILITIES 

A nuclear power plant of 50 MW cannot produce power at 
an economic price with the present state of technology. As a 
prerequisite many problems concerning the behaviour of 
fuel elements and coolants under operating conditions have 
to be solved. This reactor is particularly suited for 
testing purposes on account of its very high neutron flux 
density of 10'‘n/cm’s and its accessibility to the coolant 
channels. A frequent fuel element exchange, which might be 
necessary for testing, can be performed without difficulty, 
since the fuelling machine is designed for uninterrupted power 
operation. 

Besides the possibility of using any coolant channel for 
water-cooled test elements of different design, there are six 
channels especially equipped for test loops. Depending on 
the nature of the coolant various facilities of different design 
are available. 

There are two positions for experiments with water-cooled 





fuel elements, where the water enters the channels from the 
reactor manifold but leaves the reactor through a separate 
pipe and, after passing measuring and testing devices, returiis 
to the main circuit. This loop will be of particular value 
for boiling experiments. 

Two other positions are equipped for experiments with 
water-cooled or steam-cooled elements in a closed circuit 
having its own pump and heat exchanger but being connected 
to the main pressurizer and maintained at the same pressure. 
This kind of loop will be suitable for steam superheating 
experiments. 

In order to be able to carry out loop experiments with 
various coolants at different pressures and temperatures and 
independent of the reactor coolant, a pressure tube is built 
into the testing channel. 

Finally, one of the eighteen inclined tubes has been designed 
for irradiation of smaller material samples, which can be 
inserted and removed during operation by means of a rabbit 
contrivance. 


CONCLUSIONS 

Since the reactor is laid out on a fairly conventional basis 
many improvements may be expected after some years of 
experience. In particular the possibility of obtaining super- 
heating without changing the reactor appreciably should 
prove of practical interest. 

Once these superheating experiments are carried out 
successfully and its feasibility demonstrated satisfactorily in 
one or two loop experiments, all peripheral channels could 
be commissioned for superheating. This would on the one 
hand improve the net efficiency of the whole plant and on 
the other ease the work of the already installed steam genera- 
tors so that the total output is again augmented. It is believed 
that this reactor concept will appear attractive not only in 
Germany, but in other countries with an industrial back- 
ground sufficient to support their own power reactor develop- 
ment. 

Finally, it might be mentioned that the long-term goal of the 
development of the pressure-vessel type D,O reactor should 
be the thermal heterogeneous Th-breeder. It has been 
calculated that a breeding ratio greater than one is feasible. 

Such a reactor would be able to work with a fuel cycle 
requiring only natural Th for fresh fuel, but there would not 
be any appreciable surplus of fissile material or, generally 
speaking, the doubling time would be almost infinite. There- 
fore, in every new reactor of this type the Th/U-233-cycle 
would have to be started by an initial U-235 enrichment. 
But even if the required initial investment is added to the 
capital charges, the economic picture does not appear un- 
attractive, as the markedly reduced fuel costs, which result 
from the high and only metallurgically limited burnup, will 
more than balance the increase in capital costs. In view of the 
relatively high fuel power rating, which is not very different 
from that of light water reactors, the considerable fuel in- 
vestment would appear to be justified. 

The project has both long-term and short-term goals. 
On the one hand the 50 MW pressure-vessel reactor, to be con- 
structed in the near future, will prove its value both as a power 
and as a test reactor by demonstrating the suitability of this 
type for power production, and by contributing decisively 
to the further development of power reactors. On the other 
hand it is hoped that the pressure-vessel reactor in its finar 
shape, in particular as a Th-breeder, will bring about powel 
production at competitive prices. 
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Safety and flexibility, rather than low cost 


the keynotes of this OMR design 


The Interatom marine reactor design 


by Dr F. E. FARIS, Interatom, Internationale Atomreaktorbau GmbH 


VERY CONSERVATIVE APPROACH to the design has been 
A adopted and it is believed that operation of a research 
ship would demonstrate the feasibility of relaxing many of 
the requirements in the case of future plants, with resultant 
cost saving. The design of the secondary shielding, for ex- 
ample, has been based upon the assumption that 10°% of the 
fission products from the primary system enter the contain- 
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Flow diagram for the main heat transfer system (Fig. |) 


ment shell, even though with the carefully designed cooling 
and safety systems it is not considered credible that an accident 


For normal operation at 33 MW the coolant, a mixture of 
terphenyls, enters the reactor at 300°C and leaves at 325°C. 
The system is operated with constant coolant flow of 2200 
tons/h constant reactor-outlet temperature, and a constant 
steam pressure of 55 atm; and load changes are accomplished 
by varying the reactor-inlet temperature with a bypass around © 
the steam generators. Saturated steam at 55 atm, chosen on 
the basis of calculation by Kernenergie indicating a maximum 
efficiency for this condition, passes from the two steam 
generators to a common header. 

The piping in the main primary heat-transfer loops, which 
has a nominal diameter of 30 cm (11-8 in), has been provided 
with compensators in order to achieve compactness. The 
coolant in each main primary loop is circulated by a pump 
with a power of 135 kW through a vertical heat exchanger 
containing 16 mm (0-63 in) dia. U-tubes. A blocking valve, 
which can be closed quickly either by a pneumatic or an 
electric drive in the case of an emergency, is located at the 
reactor-infet and the reactor-outlet of each of the loops. 
Appropriate safety valves are also provided. 

Two auxiliary cooling systems are provided for the removal 
of afterglow heat in case neither main heat-transfer loop is 
operating. The heat is normally transferred to air blown 
through the heat exchangers. In the case of an extreme 
emergency, e.g., sinking of the ship, the heat exchangers are 
flooded; and heat can be removed by natural convection for 


could result in such a release with the ship still afloat. All 
components and supports have been designed to withstand 
a vertical acceleration of 1-2 g and a horizontal acceleration 
of 1 g. The control-safety rods and the fuel elements will be 
tested at these accelerations and higher as part of the experi- 
mental programme. The recommendation of the ‘ Con- 
ference on the Safety of Life at Sea’ held in London last 
year have been observed throughout, and close contact with 
German Lloyd is being maintained. 

The flow diagram for the main heat transfer system, which 
consists of two loops, is given in Fig. 1. The thermal rating 
of the reactor for normal operation is 33 MW with a maximum 
power level of 36 MW, resulting in 10,000/11,000 shp for 
propulsion plus power for the auxiliary loads aboard ship. 
To provide the flexibility desirable for a research ship, the 
heat transfer system is designed so that the power could be 
increased about 10% merely by the addition of larger pump 
motors. Also it is expected that measurements of the power 
distribution and control rod effects in the core of the operating 
reactor would permit thermal power levels about twice as 
great in the case of future plants without major changes in 
the core design. 
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angles of list less than 110°. 

An additional coolant process system is provided to main- 
tain pressure and to remove impurities, the gases (about 
0-22 Nm*/h) and the polymer (about 13-5 kg/h, 29-8 Ib/h) 
formed as a result of radiolysis and water which may enter 
because of leaks in the steam generator. 

The reactor contains 7-2 tonnes of the alloy U-3-5% 
Mo-0-1% Al in the form of elements containing two 
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Cross-section of the fuel element (Fig. 2) 
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concentric tubes clad with the alloy AlMg 3. The uranium 
is enriched 1-88°%. The fuel elements have been designed so 
that with conservative assumptions regarding swelling, an 
average burn-up of at least 3000 MWd/t can be achieved. In 
view of encouraging results on similar alloys tested recently 
in the USA and in France, it is hoped that experience will 
demonstrate an appreciably higher upper limit. A structure 
extending from each active fuel section to the reactor cover 
is provided for support in the case of vertical acceleration, 
and some of the cooling fins of the concentric fuel tubes 
contact the stainless-steel coolant-channel walls to provide 
support in the case of horizontal acceleration. 
section through a fuel element is shown in Fig. 2. 

Nineteen of the fuel elements are designed to contain 
control-safety rods within the inner stainless-steel coolant 
tube. The absorbing sections (boron carbide in an annular 
array of stainless steel tubes) will remain in the core even if 
the ship sinks upside down. The reactivity worth of all 19 
absorber sections is about 14%. In comparison, the excess 
reactivity of the cold-clean core is of the order of 10-7%. 

A cross section through the reactor and the primary 
shielding is shown in Fig. 3. The reactor tank has an inner 
diameter of 2-32 m (7-61 ft) and a wall thickness of 4 cm 
(1-56 in). The cover is designed so that it can be lifted and 
rotated for fuel handling with no contact between the inside 
of the reactor tank and the external atmosphere. The primary 
shield consists of annular regions of water and steel in a tank 
with an outer diameter of 5-2 m(17-1 ft). With the reactor in 
operation, the dose rate at the surface of the shield tank has 
a maximum value of 76 mrem/h, with the main contribution 
from secondary gamma rays. 

The entire primary system is located in a containment shell 
with an inner diameter of 10 m as shown in Fig. 4. The shell is 


A cross- 
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| biological shielding; 2 drain tank; 3 primary loop heat exchanger; 4 surge 
tank; 5 steam drum; 6 ventilating system; 7 sampling valve; 8 air lock; 
9 primary pump; 10 core; I! control and shim rod drive 


(Above) Arrangement within the containment shell (Fig. 4) 


| core tank; 2 ionization chamber; 3 auxiliary cooling system; 4 rotating 

shield; 5 shim rod; 6 control rod drive; 7 control rod; 8 fuel element drive; 

9 reactor tank; 10 inlet coolant purification; |! sampling valve; 12 thermo- 

couples; 13 outlet coolant purification; 14 tubes for coolant samples and 
thermocouples; |5 biological shielding 


(Left) Vertical section of the reactor and the primary 


shielding (Fig. 3) 


designed to withstand an inner pressure of 5 atm (gauge) at 
a maximum temperature of 190°C. These conditions, which are 
the worst resulting from any accident, are based upon a 
rupture in a steam line. The shell is designed so that it can 
withstand the external pressure of water if the ship sinks up 
to a depth (midpoint of shell) of 35 m (114-8 ft). Below this 
depth, valves open to flood the container and then close when 
the pressure difference has been reduced sufficiently. An 
airlock for entry of personnel is provided, since repairs, if 
necessary, can be carried out with the reactor in operation. 
The entire shell is provided with secondary shielding consisting 
of a 35-5-cm (14 in) thickness of concrete up to the removable 
cover, which is shielded by 7-6-cm (6-9 in) of lead. 

The containment shell is located within a gas-tight reactor 
compartment having a length of 17 m (55-8 ft), a width 
of 12 m (39-4 ft) and a height of about 14m (45-9 ft). 
The reactor service systems (e.g., coolant purification 
and degassification system) are in the forward section 
of the compartment. Appropriate secondary shielding is 
provided so that the dose rate outside of the reactor com- 
partment in access areas nowhere exceeds 0-6 mrem/h, even 
if the reactor is in operation with defective fuel elements 
(about 700 cm? (108-5 in?) of uranium surface exposed to the 
coolant). 
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Cae ATOMIC Energy Act came 
into force on January 1, 1960. This 
provides broad covering legislation, 
either in itself, or by enabling the 
Government or the Atomics Minister to 
promulgate complementary regulations. 
It lays down responsibility for nuclear 
damage and provides for fines or other 
penalties for the misuse of nuclear 
energy or activities which infringe laws 
or official decrees in this field. It also 
embodies or enables rules to be made 
for the strictest control of nuclear in- 
stallations, nuclear fuels and radioactive 
materials as well as detailed rulings on 
radiation protection. 


Nuclear installations 


The term ‘nuclear _ installations’ 
is taken to cover all facilities for the 
production or the fissioning of nuclear 
fuels, as well as the reprocessing of 
irradiated nuclear fuels. It also covers 
propulsion reactors and_ installations 
for the production of uranium of nuclear 
purity; but it excludes installations for 
processing enriched uranium or for 
storing nuclear fuels. 

The Act makes a special licence 
mandatory for the construction of 
nuclear installations, for their opera- 
tion, for substantial alterations to 
them and for any other form of owner- 
ship. Such a licence may be obtained by 
any reliable person whose employers 
are reliable and have the requisite 
expert knowledge. It is in no way 
reserved for the State, companies under 
State control, or legal entities. 

On the other hand, licences may only 
be granted when a series of material 
conditions are complied with. In parti- 
cular, the siting of the installation must 
not conflict with any overriding public 
interest, while the most advanced 
techniques and thinking must be used 
to prevent the installation causing any 
harm. Furthermore, adequate provision 
must be made for eventual compensation 
for damage caused by incidents at the 
installation. 

The licensing system is described in 
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Stringent provisions provide protection against 


radiation while avoiding unnecessary restrictions 


THE LEGAL POSITION 


By Regierungsrat Dr W. BORST, 
Federal Ministry of Nuclear Energy and Water Economy 


detail in the Ordinance concerning the 
Procedure for Licensing Nuclear Instal- 
lations. As in the United States, 
a safety report must be submitted for 
each nuclear installation. The report 
must describe all hazards connected 
with the plant and the safety measures 
devised to counter them. If a con- 
struction licence only is granted, pro- 
visional data on plant operation must 
still be submitted so that the licensing 
authorities can have a general picture 
of the plant and its operation. The 
authorizing department calls in experts, 
informs all interested authorities, places 
the project on open record and makes 
available to the public the request for a 
permit, the plans and the safety report. 

Objections to the project are presented 
at public hearings. This would normally 
concern objections from inhabitants of 
the surrounding area but anyone can 
take part in the hearings. The authoriz- 
ing department must also consider 
whether all the other licences which 
must be made available before a plant 
can go into operation can, in fact, be 
granted; for example, a special permit 
for disposal of contaminated effluents. 

Decisions on the overall licence 
foreseen in the Act and on the other 
licences are taken by the State authori- 
ties. No new authority and no Federal 
atomic administration has been set up. 
Nethertheless, the Federal Atomics 
Minister can instruct both the licensing 
and the supervisory authorities on the 
basis of advice made available by the 
Reactor Safety Commission and other 
experts. Supervision of the installations 
is continuous. The supervisory authority 
pays special attention to see that licence 
conditions and restrictions are respected. 
In cases of serious failure to observe 
such conditions, plant operation can be 
suspended and the licence withdrawn 
without any right to compensation by 
the holder. 


Radioactive materials 


The Act also makes a licence manda- 
tory for anyone who, outside a nuclear 






installation, engages in the transport, 
storage, processing, treatment or the 
use, in any manner, of nuclear fuels and 
also for importers and exporters of such 
materials. The First Radiation Pro- 
tection Ordinance extended this licen- 
sirig requirement, mutatis mutandis, to 
all other radioactive materials. It also 
added the regulation that the acquisition 
or transfer of radioactive materials, in- 
cluding nuclear fuels, must be notified 
to the supervisory authority. 

The conditions under which the 
licence in this case may be granted or 
must be granted—the applicant gener- 
ally has a legal claim to the licence—are 
similar to those for a nuclear installation. 
However, no formal licensing procedure 
is provided. Transport and storage of 
nuclear fuels, import and export of 
nuclear fuels and radioactive materials 
are licenced by the Federal authorities. 
Other licences in this particular instance 
are granted by the State authorities 
on the instructions of the Atomics 
Ministry. 


Radiation protection 


The main part of the First Radiation 
Protection Ordinance is a series of 
general protective provisions which 
apply equally to nuclear installations, 
nuclear fuels and other radioactive 
materials. These are in line with 
Euratom recommendations on health 
and safety, and recommendations of 
the International Commission on Radio- 
logical Protection and can be compared 
with part 20 of the AEC regulations. 

They are designed primarily to ensure 
that radiation doses received by em- 
ployees and the general public as well 
as the dissemination of radioactivity are 
kept as low as possible. They also lay 
down maximum occupational radiation 
doses, maximum tolerance levels for 
radioactive materials in air and water, 
provide that workers in this field must 
have medical checks and that certain 
types of incident must be reported. 
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erage DEFINING liability for nu- 
clear damage are given special 
prominence in the German Atomic 
Energy Act. These were enacted with 
two main considerations in view: (1) far- 
reaching compensation for the victims 
must be guaranteed; (2) atomic research 
and industry must not be hampered 
by unlimited liability and the diffi- 
culty, or impossibility, of obtaining 
cover. 

To attain these partially contradic- 
tory objectives, the authorities have 
decided to intervene on a large scale. 
The German Atomic Energy Act is 
characterized by this State aid. 


Liability 

The Act’s provisions concerning 
material liability form special legislation 
which transcends general ordinances on 
liability and, in particular, those of the 
Civil Code on unlawful acts and on the 
law of neighbourhood, leaving them 
basically unaltered. (Liability under the 
Act is an absolute liability which takes 
no account of blame. This applies fully 
to nuclear installations. It also applies 
to the possession of nuclear fuels and 
radioactive materials, with the proviso 
that there is no case for compensation 
where the damage was caused by an 
incident which the owner could not 
have avoided, even though he had 
taken all the precautions imposed by 
the circumstances, and which was not 
due either to an inadequacy in the 
protective installations or to a break- 
down in their operation). 

Grounds for exoneration are not 
recognized by the Act. Liability also 
comes into play when the damage has 
been caused by force majeure, e.g. 
through some natural catastrophe or 
even through acts of war. 

Absolute responsibility falls on the 
owner of the nuclear installation. In 
contrast with some foreign laws, the 
Act does not recognize the so-called 
‘channelling’ of liability according to 
which no one apart from the owner is 
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LIABILITY AND INSURANCE 


by Hans Hilger HAUNSCHILD 
Federal Ministry of Nuclear Energy and Water Economy 


liable. German law maintains the 
liability of other persons—in particular 
sub-contractors, architects, builders, 
workmen etc. The position of these 
persons is less advantageous only on 
the legal side by comparison with other 
legislation. Their financial position is 


identical. This is because the Act 
prescribes that the above-mentioned 
persons are to be included in the 


financial cover the owner must obtain. 


Claims 

The time limit for claims for com- 
pensation in cases of nuclear damage 
has been fixed at 30 years. Difficulties 
which may arise in finding cover for 
this period, which is long by com- 
parison with those laid down in foreign 
laws, will be overcome by State aid. 

Liability is limited to damage to 
persons and property. Compensation 
for immaterial damage is not provided. 
With damage to property, the actual 
value of the object in question plus 
the cost of insuring against any pos- 
sible danger resulting from radiation 
emitted by it, must be restituted. If as 
a result of personal injury a pension 
has to be paid, this must not exceed 
DM 15,000 (£1250) per year. 

Apart from these stipulations, the 
Act also fixes an upper limit to the 
liability risk in so far as a nuclear 
plant is involved—liability ends with 
cover of DM 500 million (£41 million). 
This upper limit is also valid for liability 
under other sections of the Civil Code— 
e.g. unlawful acts. An exception to this 
limitation is where the person in 
question—or if it is a corporate body 
its legal representative—deliberately 
caused the damage. For the less strin- 
gent liability involved in the possession 
of radioactive materials, outside nu- 
clear installations, there is no limit on 
amounts of compensation. 


Cover for nuclear risks 
The Act requires all persons whose 
activities can lead to nuclear incidents 


Both adequate, guaranteed com- 
pensation and cover are ensured 





to take out adequate cover. It makes 
clear that in every case where an official! 
licence is needed there is also an obliga- 
tion to take cover for liability. This is 
valid in the first instance for nuclear 
installations and also for-all other ways 
of handling of radioactive materials 
which are subjected to licensing as a 
result of the Radiation Protection 
Ordinance. 

The type of cover, its extent and 
amount for nuclear installations is 
fixed by the appropriate authorities 
during the licensing procedure, taking 
into account the particular circum- 
stances of each individual case. Major 
considerations are the possible danger 
from the plant, the total available cover 
and the possibility of paying for the 
corresponding premiums. 


Federal obligation 

In contrast with British law, the 
Act does not lay down a fixed sum, 
valid for all plants, to be provided 
by private cover. This procedure could 
be chosen because Federal liability 
adds to and completes private cover 
without any hiatus. This goes up to the 
maximum liability, as previously men- 
tioned, of DM 500 million. This sum 
comprises private cover as well. The 
Federal Government’s obligation to in- 
demnify comes into being automati- 
cally for all authorized nuclear installa- 
tions, without the need to conclude 
any special agreement. As with private 
cover, the State’s protection takes in 
not only the owner of the nuclear 
installation but also the other persons 
whose connection with the installation 
could impose a liability on them. In 
cases where damage has been caused 
deliberately by a private person or the 
legal representation of a corporate 
body, the State has the right of recourse 
against the private person or the cor- 
porate body. The State indemnification 
period is limited to ten years. But 
installations which are authorized before 


it expires on December 31, 1970 will ~ 


continue to be covered. 
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Lack of state aid for construction has held 
back building of nuclear power stations 


FINANCING ATOMIC ENERGY 


by SIDNEY HOLLANDS B.Com., 
News Editor, Nuclear Power 


Eves A cursory look at the German 
nuclear power programme will show 
that in 1961, few projects under the 
country’s 500 MW programme are near 
realization. This programme initially 
provided for the construction by 1965 of 
five prototype nuclear power stations 
with an output of some 100 MW each. 
However, development work under this 
1957 (Eltville) programme is only to be 
completed in the next 12 months, 
according to the latest annual report 
by the German Atomics Ministry. 

There are a number of political and 
organizational reasons for the com- 
paratively slow progress towards the 
1965 target such as the late entry 
(1955) into the nuclear field at a time 
when other countries had embarked on 
an industrial nuclear programme. But 
underlying them all is the problem of 
finance—by the Government, semi-public 
interests and by industry. 


State aid 


The Government’s economic policy 
is to allow private capital the greatest 
possible freedom and this extends to the 
building and operating of nuclear power 
stations. The result is that there is no 
state financing for the construction of 
nuclear power stations and consequently 
no national nuclear power programme 
such as in Britain and France. 

State aid, in the main, is limited to 
guaranteeing investors against loss. 
The Government, for instance, has 
agreed to bear a specified proportion 
of the losses incurred in operating 
nuclear power plants so as to reduce 
the expense to private owners. This 
forms the major development contri- 
bution by the Government and is 
conditional upon the operator agree- 
ing that the arrangement covers the life 
of the plant and that should there be 
any operating profit, some or all of the 
Government’s contribution should be 
repaid. 

Other government aid comes in the 
form of defraying 30%-50% of the 
development cost of work on agreed 
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power reactor design studies and pro- 
jects and on marine reactor research; 
guarantees are also given by the State on 
repayable loans at the start of develop- 
ment work. Aid is also given to research 
establishments. 





From 1956 to 1960, a total of 
DM 764:°3 million (£62 million) was 
set aside or actually contributed for 
nuclear research or nuclear indus- 
trial undertakings in West Germany 
by Federal and state authorities. 
This has led to a comprehensive 
development and _ research  pro- 
gramme but lack of adequate 
financing for the actual construc- 
tion of nuclear power stations has 
held back development. 











Public utilities 


There is no central authority respon- 
sible for organizing power supplies in 
the Federal Republic and current is fed to 
the grid by nine large supply under- 
takings which produce much of the 
electricity themselves. Ownership is 
mixed with the Federal Government, 
Land governments and private interests 
holding a stake in the companies. Each 
undertaking is run on business lines 
and is free to decide its own investment 
policy. 

There is little difficulty in obtaining 
funds for the building and operating of 
research or experimental reactors as 
these usually come from public monies 
with some aid from private industry. 
But faced with the knowledge that there 
is no State aid for the construction of 
nuclear power stations and also with 
a statutory obligation to provide the 
maximum amount of power at the 
lowest possible cost, the public utilities 
are placed in an unenviable position. 
On present estimates, any large nuclear 
station built now will involve costs much 
higher than for a conventional station, 
a consequent falling off in profits and a 
possible accounting to shareholders for 
the decision to go in for an uneconomic 
proposition. 





One way to limit risks would be to 
set up subsidiary companies in the form 
of limited liability or joint stock com- 
panies which would own some 30% of 
the capital. The remainder could be 
raised on the capital market. However, 
this is complicated by the fact that much 
of the capital would not be needed for 
some time during which period interest 
rates and availability of money could 
have changed. 

Generally, the utilities have adopted 
a waiting game and have contented 
themselves with placing contracts for 
design studies. One example is the 
Gesellschaft fiir die Entwicklung der 
Atomkraft in Bayern mbH, Munich, a 
limited liability company formed by 
four electricity undertakings, a chemical 
firm and the Land of Bavaria. This 
group has placed a contract with 
Siemens Schukert-Werke AG for the 
design of a 100 MW D.O reactor at a 
fixed price of seven million DM. Two- 
thirds of this sum will be provided by 
the Federal Government. 

Faced with the possibility that under 
the present financing arrangements, a 
large power station is not likely to be 
built in the near future—apart possibly 
from the AKS omr project under the 
Euratom programme (the company has 
now changed its name)—there has been 
pressure put on the Government to lay 
down a clear and decisive financial 
policy. 

There are indications that this pressure 
is beginning to have some effect. The 
Government has tried, within the frame- 
work of present legislation, to press 
forward with a nuclear-powered ship 
and is endeavouring to put this pro- 
gramme in operation as a development 
project. In addition, some indication has 
been given that Federal aid may be forth- 
coming for the construction of stations 
by the mention both in the presentation 
of the 1961 budget and the present 
annual report that as design and 
construction are expensive and un- 
economic, the Government should part- 
ly finance this work. 
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Quow PROGRESS has been made towards 

implementing West Germany’s 
500 MW programme announced in 
1957. Apart from the Kahl and AVR 
plants, there are, in the design stage and 
with State subsidy, a 150 MW sBwr, 
and a 150 MW aar, both under 
two-year contracts from the power 
utility SKW with completion by the 
summer. Also, there is a 100 MW heavy 
water design, due for completion by 1962. 

Under negotiation for State subsidy, 
with the likelihood of agreement within 
a few months, are three further designs: 
a 15 MW high temperature gas-cooled 
reactor, with direct cycle, based on the 
AVR reactor already under construc- 
tion; a 150 MW organic moderated 
reactor that Interatom hopes to com- 
plete within the year, and, if proven 
satisfactory to the utility, will participate 
in the second round of the US/Euratom 
programme for completion by 1965; 
and a 50 MW heavy water multi- 
purpose reactor. 


REACTOR DEVELOPMENT 


by J. SPENCER BURKETT, FLA 
Assistant Editor, Nuclear Power 


Small reactor concepts that have 
been prepared recently by industry at 
the suggestion of the Ministry, and 
are in the proposal stage only, include 
AEG’s 25 MW boiling water reactor 
and a Deutsche Babcox and Wilcox 
design for a 15 MW advanced gas- 
cooled reactor. There is also provision 
for a 5 MW pwr plant. 

The Hamburg company GKSS, 
recently called for tenders from eleven 
ship-building companies for the con- 
struction of a ship—whether it is to be 
a tanker, ore carrier or passenger vessel 
is a choice left to the builders. The power, 
however, has been fixed at 10,000 shp 
and the major requirement is that the 
reactor component and link-up must 
be so designed that the reactor, under 
test—OMR, PWR, BWR Or GCR—Ccan be 
easily removed and replaced. GKSS, at 
Geesthacht, are thinking along the 
lines of a 22,000 dwt vessel, 580 ft. in 
length, 80 ft. wide and 32 ft, deep, that 
could be completed by 1965 and would 


POWER REACTOR DEVELOPMENT 
DESIGNER* 
(and/or 
Contractor) 


CUSTOMER* 


cost, on the basis of current prices and 





wages, around £M3. Proposals had ‘o 
be completed by the end of January. 

The Ministry for Atomic Energy is 
therefore currently sponsoring five sh'p 
design studies, three of which have 
been approved for a subsidy, the 
other two are in the course of negotia- 
tion (see Table). The Interatom omer 
design study, which commenced in 
1959, is well advanced, and with the 
additional incentive of Euratom sup- 
port, it is claimed that building could 
Start at the end of the year. 

The other two Government subsidized 
design studies, a pwr by Siemens- 
Schuckertwerke and a Bwr by AEG, 
were started in 1960 and will only have 
reached the preliminary design stage 
by the end of this year. Both companies 
have licensing agreements with Ameri- 
can firms, SSW with Westinghouse 
and AEG with General Electric 
Deutsche Babcock & Wilcox who 
recently started work in conjunction 
with the Blohm and Voss shipyard for 
the design of a gas-cooled reactor, of a 
type intermediate between the British 
AGR and the DRAGON project, are still 
waiting for ratification of Government 
financial aid. BBC/Krupp are negotiat- 
ing with the shipyard AG Weser and the 
Government for the design of a high 
temperature gas-cooled reactor similar 
to the DRAGON type. 


COMMENTS 


Cost (Fuel (enrichment), cladding, 
(and man-hours) i 


coolant, exit temp. (°C), etc.) 





Total (without fuel): DM.M35 uO, (26%), Zr-2; 286, steam 
258°C 


UO, (slightly), ss; steam 620°C; 
nuclear superheat, direct cycle 














4 


UN DEG 


wre 


ee eere 
PRS LE 


cag uted 








TYPE OUTPUT (MWe) STATUS 
(or shp for ships) 

BwR—Kahl 1S critical Dec. 
BWR 25 proposal 

BWR 150 design study 

Apr. ’59-mid ’ 

BWR 240 proposal 

BWR 20,000 


(Ship project) 
PWR 


design study 
*60-'61 


5 provisional 
PWR 20,000 design study 
(Ship project) Jan. *60-Jan. 
Magnox proposal 
Magnox 300 proposal 
AGR 150 design study 
Apr. ’59-mid 
AGR 10-15 proposal 
AGR 20,000 design study 
(Ship project) 
GCGM 20,000 project 
(Ship project) 
HTGR-Julich 15 cons. started 
critical °63 
HTGR 15 design and 
development 
HTGR 10,000 project 
(Ship project) 
OMR 150 design study 
(Mosbach) 
OMR 10,000 design study 
(Ship project) *59-"61 
D,O-MzFrR 50 design study 
D,O 100 design study 
Mar. '59-"62 
Zirconium 10 proposal 


hydride 


late 60 BBC/Krupp 
BBC/Krupp 


BBC/Krupp 


Al/Interatom/ 
BBC 


Interatom 


SSW 


SSW 


Interatom 


AVR 


AVR 


AGW 
KBWP 


GKSS 


GEAB 


60 GE/AEG RWE 
(£M2:9) (RWE-DM.M28) 
AEG 
AEG SKW Total:DM.M9-6 (£M0-8) (AEG- 
61 M2; SKW-M3-6; Gvt.-M4) 
GE/AEG RWE 
AEG DW Total: DM.M3 (£MO0-: 25) 
(Gvt.-M1-5) 
MAN 
SSW HWH Total; DM.M3 (£M0- 25) 
"62 (Gvt. -M1-5) 
(UK)GE/MAN RWE 
EE/DBW RWE 
DBW SKW Total: DM.M9-85 (£M0-82) 
61 (DBW-M3-85; SK W-M2; Gvt.- 
M4) 
DBW development: DM.M25 (£M2) 
construction: DM.M25 
MAN BV 200 man-months on stage I 
DBW B&V DM.M3 (£MO-25) (Gvt.-M1-5) 


to be ratified 
DM.M40 (£M3-3) AVR-M20; 
Gvt.-M20) 


DM.MS0 (£M4-2) negotiations 
with Government 


negotiating 


est. design: DM.M3-4 (Gvt 
50%) est. construction: DM. 
M200 (£M16-6) contract being 
negotiated 

est. man-hours 61: 13,000 
*59-°61: DM.M7-5 (£MO0-62) 
Shared by Gvt., four N.German 
coastal states and Euratom 
man-hours: ’59-’60: 205,000 ’61: 
100,000 

Total: incl. site, interest, etc., 
excl. development -DM.M132 
(£M11) still negotiating 

Total: DM.M14:56 (£MI1-2) 
(SSW-M7: 56; AB-M2:333; 
Gvt. -M4-667) 





UO, (1-:8%), ss; (includes SOMW 
nuclear superheat) 

two-stage with nuclear superheat 
UO, (2°6%), Zr-2; direct cycle 


two-stage reactor; graphite, D,O 
separate zones 
UO, (5%) 


UO, (2%), ss; CO,, 50 atmos, 485 


UO, (slight), ss; CO, or He, 500; 
to study compatibility of fuel 
elements 

cross-flow, ss 


CO, or He 


UC (20%), ThC, graphite balls; 
He or He-Ne, 850; steam (super- 
heated): 505°C 

UC (20%), pebble bed; N,, 
direct cycle closed circuit gas 
turbine 

UC (20%), ThC; pebble bed; gas 
turbine 

If accepted, KBWP to decide on 
construction as part of Euratom 
programme with completion by ’65 


new contract linking Euratom 
signed Jan. ’61 


multi-purpose research reactor 
CO,, pressure tube 


UC (enriched), Na, steam at 
550°C; long-term research 








* For full names of companies see 


: ‘ Guide to German industry 
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The aim is to catch up with other 


countries as quickly as possible 


Fuel elements for German Reactors 


by Dr M. BECKER, Nuklear-Chemie und Metallurgie 


UEL AND ELEMENT DEVELOPMENT in the Federal Republic 
| Spee in the first instance be tailored to meet the needs of 
the reactors already in operation and those which, it is 
expected, will be built. Although this represents in part work 
to catch up with overseas development which has already been 
carried through to fruition, it is not significant. German 
industry wants to qualify as a producer of fuel and fuel 
elements with emphasis on developing more economic 
fabrication methods for current types and also development 
of new simple elements which will thus be economic to 
produce. 


NATURAL URANIUM 


The FR2 research reactor and the Siemens Multi-purpose 
Reactor which has a high output for a research unit of 200 
MWt, as well as the sNDR-2 power reactor, are heavy water 
moderated natural uranium reactors (details of power re- 
actors are given in the table on p. 80 and of research 
reactors in the table on p. 61). Fuel for these can be 
produced at home, although not on an economic basis. The 
uranium ore, mined in the Ellweiler area of the State of 
Rhineland-Palatinate, is processed in an experimental unit 
near the mine. The concentrate goes to the only uranium pro- 
duction plant in Germany at Wolfgang near Hanau/Main. 
At present most of the concentrate processed at Wolfgang is 
imported. 

The plant can produce 40 tons of metal annually. The 
processing techniques for the production of nuclear pure, 
sinterable UO,, or of uranium metal, have been developed 
since 1955 and are continually being improved. 

At present, the uranium is purified by a well-known solvent 
extraction process. The resulting water solution of uranyl 
nitrate is treated with an ammonia/air mixture under strictly 
controlled conditions to form ammonium diuranate (ADU) 
aS a Coarse precipitate with good filtering properties. This 
step is of major importance because on it depend to a 
large extent the sintering properties of the uranium dioxide 
produced at a later stage. After drying at 100°C the 
ADU has the following composition: 91-92% UO ,; 2:1-2:4°% 
NH,; 5-7% H,0O. 

The filtered and washed ADU is calcined and reduced with 


hydrogen to UO, in cylindrical rotary furnaces to give a very 
uniform product. Sintering properties of the UO,, apart from 
the above-mentioned precipitation, are also sharply affected 
by the time and temperature factors in the calcination and 
reduction stages. Normal ceramic grade UO, has a surface 
area of 2-3 m?/g. It should be mentioned that in the furnace 
stage, changes in the calcining and reduction process conditions 
will produce powders of considerably higher surface areas. 
For the production of UF,, oxide with somewhat different 
properties from ceramic grade is made. The reaction between 
the UO, and anhydrous hydrofluoric acid at high temperature 
also takes place in a cylindrical rotary furnace. Metal is 
produced in 45-kg (100-lb) billets per charge by reacting the 


Trial elements for 
the  FR2-Karlsruhe 


(Fig. 1) 





UF, with calcium. The company has succeeded in obtaining a 
clear separation between metal and slag with a resulting high 
yield and thus no necessity to treat residues with acid. 
Uranium metal is the second end-product of the plant and is 
being made into fuel elements for the FR2 reactor. 


Natural uranium rods 
The development of fuel elements for the FR2-Karlsruhe 
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reactor was completed during 1958. Up to the beginning of 
1960 some 10 tonnes of elements were made, corresponding 
roughly to two core loadings. Figure 1 shows a number of 
such elements. The major production phases and the develop- 
ment work are as follows. 


Melting—The unworked uranium billet from the UF,/Ca 
process, weighing about 100lb, is melted in a graphite 
crucible coated with magnesium zirconate and thorium oxide, 
together with uranium metal chips, in a high vacuum 
induction furnace. Alloying with 0-3/0-4 w/o of niobium, 
desirable because it results in fine grain formation, presented 
certain difficulties and the addition of niobium is done at the 
reduction stage in the form of the pentoxide. This co-reduction 
process has proved successful. The molten metal is held for 
about 20 min at a temperature of 1250°C. This allows gas 
inclusions to escape and the remaining slag to float to the 
surface. The molten uranium is then allowed to pour through 
a hole in the bottom of the crucible into a mould made of 
similarly-coated graphite heated at the top. The ingot is 
trimmed and tested for voids by ultrasonic probes. 
Extrusion—The ingot, which has a diameter of about 110 mm 
(4-33 in) is immersed in a salt bath and raised to a temperature 
of 950°C. Meanwhile, the container and die for the ingot are 
heated to 630°C in an air circulating furnace and then placed in 
a 100-ton press. The hot uranium metal, its surface protected 
by the adherent salt is extruded into a rod about 25m 
(8-2 ft) long and 34 mm (1-30 in) in diameter. The salt acts 
as a lubricant and protects the surface of the rod from 
oxidation. Uranium is easily extruded in the gamma-phase 
and it was possible to perfect the process without special 
extrusion presses. A considerable amount of research, however, 
had to be done with various dies. Best results were obtained 
with a Stellite matrix. 


Heat-treatment—To obtain fine grain and prevent work- 
orientation, the rods, now in three sections are water quenched 
after heating to 950°C in a salt bath. The rods are then 








Sintering line for UO, pellets (Fig. 3) 





straightened and alpha-annealed in a vacuum furnace. “he 
decisive effects of the heat-treatment of uranium metal on its 
behaviour under stresses caused by temperature changes «.nd 
reactor conditions necessitated a careful development in ‘his 
atea (thermal cycling; type and amount of alloying mater:al; 
texture; grain size; ultrasonic testing; reactor tests etc.). 
Final forming—The rods are turned to final dimensions (32 rim 
(1:26 in) dia.); hole and peg connexions are also turned 
together with a threaded section. 

Vapour coating—After electro-polishing, the rods are succes- 
sively coated with 0-01 mm (0-004 in) of zinc and then tin by a 
vapour-deposition process under high vacuum. The develcp- 
ment of a special, economic vaporizing apparatus was re- 
quired. 

Carning—In an aluminium tube cleaned by conventional 
meihods and closed at one end, three rod sections are in- 
serted. The tube is evacuated and the hole and peg connexions 
made. The tube is then drawn through a matrix where it is 
provided with fins and shrinks slightly so that its inner 
surface comes into close contact with the tin on the surface of 
the uranium. Before closure, the tube is filled with helium 
and then the end cap is welded on by the argon-arc method. 
The weld is then inspected for leaks with a helium mass 
spectrometer. The design of the tube ends can be seen in 
Fig. 2. 

Welding—Fuel material and canning are joined together by 
heating the element to 380°C in an autoclave at a pressure of 
200 atm. The metallic bond obtained in this way between the 
uranium and the can has the advantage that it gives better 
heat transfer and better corrosion resistance where the 
canning is defective. Here again much preparatory experi- 
mental work was needed, especially in connexion with the 
choice of the best bonding materials and the conditions 
necessary for obtaining optimum bonding. 

Surface treatment—After the bonding has been tested by 
ultrasonic apparatus, the surface of the can is given final 
treatment which includes etching with alkali and acid baths 
using ultrasonics to obtain maximum effect, polishing and 
surface consolidation. 


Natural uranium tubes 


The proposed increase in the power of FR2 has necessitated 
a new fuel element concept. For this it is intended to use 
uranium metal tubes with an outside diameter of 32 mm 
(1-26 in) and a wall thickness of 7 mm (0-276 in), protected 
internally and externally by aluminium tubes to which they 
are bonded. Technological development of these elements is 
in progress and the main problems are the testing of the various 
ways of making the hollow uranium elements and the pro- 
duction of the internal canning. 
Casting—The object of these tests is the completion of a large 
number of tubes by casting processes within the closest possi- 
ble tolerances to cut down subsequent working to a 
minimum. The major problem is to remove the material 
without damaging it for further processing. 
a-phase extrusion—Structure is finer-grained as a result of the 
considerable deformation, while tolerances can be more closely 
held than in casting and better surface conditions can be 
expected. A disadvantage is the grain orientation. 
y-phase extrusion—The considerably higher temperature 
compared with that in the preceeding process makes far 
greater demands on the wear-resistance of the dies etc. Tests 
are being made with molybdenum and special steels coated 
with flame-sprayed carbides. Tubes with an internal diameter 
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Corrosion of zircaloy-2 argon-arc weld fillets (Fig. 4) 


of under 10 mm (0-394 in) have been successfully produced. 
Drilling—In this process, drilling out the uranium rod to form 
a tube is done by the BTA-process (Boring and Trepanning 
Association). In this the oil is forced between the hollow drill 
and the freshly-bored surface to the cutting edge and returns 
inside the drill carrying chips with it. The drilling head is 
self-centring and has hard metal cutting edges. Tests have 
shown that it is basically possible to drill out solid rod and 
pipe in lengths of 800-1000 mm (31 -50-39-37 in). 


Natural uranium dioxide 


The Siemens Multi-purpose Reactor and the AVR high- 
temperature reactor both operate with fuel elements in which 
the fuel is in the form of UO, pellets. Commercial production 
of such pellets with densities of 10-4 g/cc and over has been 
and still is the subject of intensive research. One of the 
biggest headaches was to produce powdered UO, of even 
quality and good sintering properties. This has now been 
satisfactorily solved. The feed material is tested for grain size, 
purity and surfec2 area per unit weight and the finished 
pellets for density, dimensional stability, corrosion-resistance 
in water, uranium to oxygen ratio, cracks and bursts, density 
distribution, pore size and pore size distribution, open and 
closed pores, resistance to thermal changes, diffusion of 
fission gases etc. 

Successful development lead to the setting up of a pilot- 
scale sintering line with a capacity of about seven tons 
annually (Fig. 3). The density of the standard pellets is 
10-4 + 0-1 g/cc, the thickness tolerances + 0-05 mm before 
and + 0-01mm after grinding. Autoclave testing at 400°C for 
24 h at a pressure of 300 atm brought about no visible 
changes. Boron content is under 1-3 ppm. 

Economic methods requiring little noble gas have been 
developed for loading the zircaloy-2 tubes with pellets, filling 
with helium and argon-arc welding the end-caps. The objective 
of obtaining welding seams completely free of annealing col- 
ours and correspondingly good corrosion resistance was 
reached (Fig 4). The fillet is tested by gamma-radiography 
with an iridium-192 source, by helium mass spectrometry and 
ina glycol apparatus. Before the tubes are assembled into an 
element, they are corrosion-tested and dark oxide surfaced in 
autoclaves. 

Substantially similar problems have to be solved in the 
case of the fuel for sNpR-2. Further difficulties are introduced 
by the handling problems with very thin steel cans (0-1 mm 
wall thickness) and the welding of end-caps. Various methods, 
including electron beam welding are being examined for 
their suitability. 


ENRICHED FUELS 


In general, fuels for German users are leased—sold in the 
case of power reactors—by the USAEC within the framework 
of the bilateral agreement between the AEC and the Federal 
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Government. The enriched uranium hexafluoride is trans- 
formed by an American firm into the starting material for the 
production of fuel elements (U,0,, UO,, U). Work is in hand 
to carry out the conversion processes from UF, at Wolfgang. 


Two production methods are being developed for the fabri- 
cation of fuel elements for the Argonaut reactors. They are 
extrusion and the ‘ picture frame process’. In the first case, 
enriched U,O, is mixed with aluminium powder and loaded 
into an aluminium tube closed at one end and vibrated to 
obtain compacting. The tube, which has an outside diameter 
of 100mm (3-94in) and a wall thickness of about 8 mm 
(0-315 in), is then sealed and the resulting closed cartridge 
raised to a temperature of about 450°C. It is then placed in a 
press and extruded in a strip about 4m (16-4 ft) long. The 
aluminium cladding is reduced in thickness to 0-3 mm 
(0-012 in). The strip is cut up and the U,O,/aluminium 
powder matrix removed at the cut ends to a depth of 3 mm 
(0-118 in) and the metal sealed together with resin adhesives. 
Figure 5 shows a fuel element sandwich of 17 strips for the sar. 


In the picture frame process, the mixed powders are made 
into a strip measuring 80 x 70 x 15mm (3-15 x 2-76 x 
0:59 in) (AEG—Experimental reactor) by pressure. This is 
then placed in a frame of aluminium and sandwiched between 


Argonaut elements 
for the SAR (Fig. 5) 











two sheets of aluminium. This is followed by hot and cold 
rolling. Radiography is used to determine the position of the 
matrix and the excess aluminium is cut away. Fuel element 
plates made in this way have the advantage over extruded 
plates that the matrix is surrounded on all sides by aluminium. 
One difficulty is in the formation of the matrix ends. For 
reasons linked with neutron flux the ends of the matrix should 
be as close to right angles as possible and be free of ‘ tongues ’ 
of enriched material, or of tongues of aluminium running into 
the matrix. Figure 6 from normal production, shows that this 
problem has been successfully solved. 


During the development of the picture-frame technique 
for MTR elements advantage was gained from experience with 
the Argonaut elements. Fresh research was required for the 
preparation of a uranium-aluminium alloy and development 
of processing techniques such as casting, extrusion etc. 
Finally, it was necessary to learn and master the various 
ways of assembling the fuel plates into finished elements: 
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straight or curved plates, welding, pinning. In both cases— 
cermet and alloyed element—waste processing had to be 
worked out and placed on an economic footing. 

The development of the elements for teaching reactors of 
very low outputs lead to the use of polyethylene plates 
containing a dispersion of oxide fuel material. Research was 
concerned with the selection of the type of polyethylene, the 
best method of getting a homogeneous mix of fuel material, 


Fuel plate produced 

by the picture-frame 

method; X-ray of 

the end of the mat- 
rix (Fig. 6) 





the dependence of the physical and technological properties 
of the plates on the proportions in the mix and the develop- 
ment of economic production methods. 

The notes on natural uranium oxide pellets are generally 
valid for the low enrichment UO, pellets for power reactors. 
Because of the higher price of the raw material, special 
attention must be paid to keeping irrecoverable losses as low 
as possible. Where complicated shapes are involved (deeply 
dished pellets, or rings) which entail a large amount of waste 
and thus more hold-up in the processing cycle, this is of the 
highest importance. 

Fuel elements for the AKS/Interatom and the SKW/ 
Babcock and Wilcox reactors entail development work in 
the following areas: alloying slightly enriched uranium metal 
with molybdenum and aluminium; the production of such 
alloys by co-reduction; casting plates and tubes of large 
diameters; nickel-plating fuel surfaces; production of metallic 
bonds between fuel and aluminium canning in autoclaves. 
In the latter connexion it was found that the inclusion of a 
diffusion-resistant coating between the nickel and the alumin- 
ium resulted in only a small rise in the bonding temperature 
but a sharp drop in the pressure required, thus permitting the 
use of a cheaper autoclave. 

An interesting German reactor concept is the high tempera- 
ture pebble-bed reactor. Figures 7 and 8 show a cross-section 
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t Cross-section of a 
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and the appearance of the fuel elements developed for it. 
The cylindrical fuel cartridge is made by mixing 20% en- 
riched uranium oxide with graphite powder followed by 
compression and reacting at high temperature in a vacuun. 
Proportions are so calculated that the carbon is present in 
much larger than stoichiometric amounts, which means that © 
the fuel consists of uranium carbide dispersed in graphic. . 
The fuel is inserted in the graphite sphere and a screv- 
threaded graphite stopper forms the closure. Following this, 
the sphere is impregnated to reduce permeability to 10-®cm*/s 
to delay the release of fission product gases to the primary 
circuit. 

During the development of these fuel elements and of 
economic production techniques, many avenues of research 
had to be followed. First in importance was the testing of the 
primary materials, the intermediary products and the finished 
elements. The important factors in graphite are purity, | 
freedom from cracks, strength, specific gravity, anisotropy, / 
pore and pore size distribution, suitability for impregnation, 
heat conductivity, and radiation-resistance. In the case of the 
fuel cylinders, dimensional stability, U-235 content, high melt- 
ing point, low fission product gas emission, low anisotropy and 
good heat conductivity are important. The finished sphere 
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High temperature 
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elements (Fig. 8) 





should be as impervious as possible and must not be damaged 
when dropped into the pebble bed. Abrasion, oxidation and 
surface contamination by uranium must be kept toa minimum. 


GENERAL DEVELOPMENT 

Work described so far on fuels and fuel elements is aimed 
at special fuel element concepts. Apart from this, development 
work is in progress on more fundamental aspects. Its results 
will affect later fuel element concepts. In this connexion, the 
following themes are under study: production of oxide 
elements by swaging and by other mechanical methods which 
promise a dense end-product; commercial preparation and 
processing of uranium monocarbide; grain structure and 
properties of uranium dioxide; production of UO, of high 
density by arc-melting; neutron activation tests to detect 
releases of gaseous fission products; heat conductivity of 
reactor fuels up to 1000°C; inter-metallic compounds of 
uranium, their preparation and properties; further develop- 
ment of the spherical fuel element of uranium carbide and 
graphite; plate elements of molybdenum, niobium or steel 
with UO, as fuel material, for a fast breeder reactor. 

The aim of fuel element development work in Germany is 
to catch up with foreign countries as quickly as possible and 
the foregoing shows that in some areas this has already been 
achieved. The longer-term objective is to attain full parity 
and to develop new German concepts. 
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Al ENERGY 
IN GERMAN 
FED REPUBLIC 


THE ROLE OF THE 


DEUTSCHES ATOM-FORUM 


by Dr KARL WINNAKER, President 


r wAs not until the Paris Agree- 
| ments of May, 1955, that bases were 
established that enabled the Federal 
Republic to develop its own nuclear 
energy programme. In that year, the 
Federal Ministry for Atomic Energy 
was set up together with various 
private organizations. From this there 
eventually developed, at a later date, 
the German Atomic Forum. 

The Federal Ministry helped in the 
setting up of the German Atomic 
Commission which, together with its 
Technical Commissions and Working 
Groups, eventually had 500 expert 
members. Following this, a number of 
independent research centres were estab- 
lished and sought support from uni- 
versities and technical colleges. 

Once a development programme was 
under way, supra-regional associations 
were formed and in 1959, Arbeits- 
gemeinschaft fiir Kerntechnik, Diissel- 
dorf; Deutsche Gesellschaft fiir Atomen- 
ergie e.V., Bonn; Verein Atom fiir den 
Frieden, Munich, and Physikalische 
Studiengesellschaft mbH, Diisseldorf, 
banded together to form the German 
Atomic Forum. 


Forum aims 

Its purpose is ‘to co-ordinate and 
develop the co-operative associations 
working in the Federal Republic in the 
field of peaceful applications of nuclear 
energy ; to support their work in search of 
scientific discoveries, in studying tech- 
nological problems and in the dissemina- 
tion of information and know-how, as 
well as to represent these organizations 
vis-a-vis foreign countries °. The Forum 
is not exclusive and does not seek 
legislative or executive action. 

These aims were to be achieved by: 

(1) Discussions on technical and 
scientific subjects at national and 


international sessions. 
(2) The establishment of technical 
standards, recommendations and reg- 


ulations. 
3) Promoting discussions on aims 
common to organizations interested 
in the. peaceful development of nuclear 
energy. 
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(4) Co-operation with the legislative 
and executive branches of Federal and 
State Governments. 


(5) Co-operation with foreign 
Atomic Forums and _ the _inter- 
national atomic organizations. 

(6) Educating the general public 


on peaceful applications of nuclear 
energy. 

(7) Creation of a permanent atomic 
exhibition and the establishing of 
travelling exhibitions. 

Complementary to these aims and 
objectives is the voluntary work of a 
large number of individuals. This is 
co-ordinated in the following six work- 
ing groups of the Forum : Science and 
Technology ; Foreign relations ; 
Public relations and press ; Law and 
administration ; Economics and _ in- 
dustry and Trade fairs and exhibitions. 
With these committees, the Forum’s 
particular problems can be settled by 
experts. 


Educational work 


To make the general public familiar 
with both the potential of nuclear 
energy and its problems, the Forum is 
co-operating with universities, chambers 
of commerce and industrial and medical 
associations ; sponsors seminars, dis- 
cussions and lectures in areas where 
nuclear plants have been, or are, being 
built ; interests itself in schools, agri- 
cultural organizations, insurance com- 
panies, research workers and _techni- 
cians ; it seeks to bring this informa- 
tion to all sections of the community 
and the radio and television networks 
are used. 

Articles and photographs are pro- 
vided for newspapers, technical periodi- 
cals and illustrated publications. Lec- 
tures and meetings are arranged. Since 
its foundation, for instance, Forum 
members have given 337 lectures to 
audiences totalling over 40,000. In the 
same period, 24 seminars and ‘ uni- 
versity have been held. 

Members of the Forum are taking 
part in technological research and in 
recommending rules which should be 
taken into account when nuclear facili- 


weeks ° 


ties are set up. They also work on the 
industrial application of radioisotopes. 
Another working group aids the Ger- 
man Standards Committee on Radi- 
ology in the setting up of units and 
recommendations on the metrology of 
ionizing radiations and in considering 
safety questions. There is very close co- 
operation with the World Health 
Organization and with the International 
Commission on Radiological Protec- 
tion. 

It is of decisive importance for pro- 
gress that not only industrial firms and 
individuals have joined together in the 
various groupings of the Forum but 
also the established technical and 
scientific associations. Their members 
are prepared to work together on joint 
problems. Our well-proved research 
organizations will thus be in a better 
position to fulfil their purpose. New 
forms for these organizations will 
therefore not be sought unless they 
are actually necessary. 


Karlsruhe conference 

For the first time in West Germany, 
a full report was made on work on 
various aspects of nuclear energy at 
the ‘ First Technical Session’ in Karls- 
ruhe of the Forum. About 1000 partici- 
pants, including representatives from 
14 other European countries, heard 
81 reports on the latest position in 
West Germany in all aspects of nuclear 
energy. The sessions in Karlsruhe 
attracted considerable public interest 
and visitors came from industry, com- 
merce, banks, schools, universities and 
other organizations. Furthermore, the 
international contacts of the Forum 
were strengthened, mainly through 
personal contact. 

The organizational facilities for these 
contacts and for agreements and ex- 
changes between the atomic associa- 
tions of the various European countries 
is provided for by. the European 
Atomic Forum (Foratom). With the 
co-operation of the German Atomic 
Forum, Foratom was set up in Paris 
on July 12, 1960, by organizations 
from Belgium, France, Italy, Luxem- 
bourg, the Netherlands, Switzerland 
and West Germany. Nuclear organiza- 
tions in Denmark, Austria, Portugal, 
and Sweden are also considering joining. 

The Atomic Forum is conscious that 
the reputation of a nation, its economic 
health, depends on the amount spent 
on research. Consequently, it is striving 
to co-operate in the peaceful develop- 
ment of atomic energy and in industrial 
competition of the nations. In this 
spirit, the Forum has succeeded in 
bringing about fruitful co-operation 
with personalities, institutes, organiza- 
tions and authorities and thus has laid 
the foundations for the promotion of 
its aims in Germany. 
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ATOMIC ENERGY 
IN THE GERMAN 
FEDERAL REPUBLIC 


This guide covers the activities and interests of utilitivs, 


research organizations, study groups, government bodies 


and private companies in the German Federal Repubi ic 


Organizations and companies 
in the nuclear field 


AB BBC-KRUPP Diisseldorf, Kénigsallee 7u Tei. 

8 38 41 Company formed by Brown, Boveri & 

Cie. AG, Mannheim and Fried. Krupp, Essen 
High-temperature gas cooled ‘pebble-bed’ 15 
MWe reactor for AVR Jiilich. Proposed design 
developed from the AVR for a 50 MWt pebbie- 
bed reactor using a gas turbine in a closed 
circuit. Negotiations in progress with AG Weser 
(member of the Krupp group) for pebble-bed 
reactor with gas turbine (10,000 shp) 


ADOX FOTOWERKE Dr C. SCHLEUSSNER 
GmbH Frankfurt (Main) Niedenau 47 Tel 
Frankfurt/72 30 41/72 30 44 

Film for the IDOS dosimeter for catastrophic 

levels; double film for protective devices and 

film badges; special films to order: films for 

nondestructive testing; advisory service for 

commercial radation protection and non- 

destructive testing using gamma or X-rays 
AEG ALLGEMEINE ELEKTRICITATS—GES- 
ELLSCHAFT Frankfurt (Main}—Siid 10 Tel. 6 05 
21 Associate Companies: Telefunken GmbH, 
Berlin; Hydrawerk AG, Berlin 

Construction of the Experimental Nuclear 

Station at Kahl (Main) on a turn-key basis: 

installation of the research reactors pipDO and 

MERLIN for the Atomic Research Centre of 

North Rhine/Westphalia nr Jiilich and supply 

of equipment such as complete instrumenta- 

tion of DIDO; construction of the AEG—test 
reactor for the AEG Nuclear Laboratory nr 

Grossweizheim; development and supply of an 

isochronous cyclotron for the Gesellschaft fiir 

Kernforschung mbH in Karlsruhe; design of a 

nuclear power plant of 150 MWe with a 

boiling water and a super-heating reactor for 

the Stiidiengesellschaft fiir Kernkraftwerke in 

Hannover; design of a Bwr for ship propul- 

sion for the Deutsche Werft AG in Hamburg; 

supply of a reactor simulator for the Institut 
fiir Regelungstechnik of the Technische Hoch- 
schule Darmstadt 

Accelerators; power Station condensers; 

control systems usng radioisotopes; reactor 

diese] emergency supplies; dosimeters; drives; 
fans, ventilators: fluid flow meters; flux meters; 
ionization chambers; phys. laboratory equip- 
ment; magnets; nuclear design and constru- 
tion; complete power reactors; pressure meters; 
pulse shapers; pulse transmitters; radiation 
measuring instruments; radiation monitoring 
plants; reactor design; reactor simulators 
recorders; remote control; complete research 
reactors; semiconductors; servomotors; televi- 
sion surveillance; temperature controls; thermo- 
couples; special tubes; steam turb’nes; special 

welding apparatus. Also able to supply: b.s.d 

equipment; control rod drives; subcritical as- 

semblies; thickness gauges using radioisotopes 
AERZENER MASCHINENF ABRIK GmbH 
Aerzen iib. Hameln Tel. 225 UK representative: 
Sturtevant Engineering Co. Ltd. 

Rotary piston blowers, meters and pumps 
AGROB, AG fir Grob-und Feinkeramik, 
Ehrang/b. Trier Tel. 60 46/47/48/49 

Industrial ceramics 
ALUMINIUM-WALZWERKE SINGEN GmbH 
Singen/Hohentwiel Tel. 34 61 

Aluminium, semiproducts and foil 
CARL AMBROSIUS Erz-u_ Schwerspat-grube 
GmbH Hauptstr. 19, Eisen/Saar Tel. Tiirkis- 
mithle/Saar 227 

Heavy concrete shielding materials 
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ANSCHUTZ & Co. GmbH Kiel-Wik, Mecklen- 
burger Str. 32/36 Tel. 3 16 81 
Servomotors 


ANTITRON Gesellschaft fiir Strahlenschutz mbH 
Dortmund-Mengede, Castroper Str. 43 Tel. 133 
52/54 

Special shielding concrete 


APPARATE-und UHREN-FABRIK AG, Paul 
Firchow Nachfolger Frankfurt/Main, Baseler Str. 
Radiation measuring instruments 


ARBEITSGEMEINSCHAFT BADEN - WURT- 

TEMBERG zum Studium der Errichtung eines 
Kernkraftwerkes (AKS), Stuttgart 
(A working group formed by six local com- 
panies to study the possibility of constructing 
a nuclear power plant at Stuttgart). Responsi- 
bilities now taken over by the KBWP (see 
under this name) 


ARBEITSGEMEINSCHAFT DEUTSCHER 

ENERGIEVERSORGUNGSUNTERNEHMEN zur 
Vorbereitung der Errichtung eines Leistungs- 
versuchs-Reaktors e.V. (AVR), A_ working 
group, set up under the leadership of the 
Diisseldorf Municipal Electricity Works and 
formed by a number of prominent electric 
power supply companies in the Ruhr area, for 
the joint study of problems connected with the 
erection of nuclear power stations 
Have awarded contract to BBC/Krupp for the 
erection of the ISMW _ uHTGR_ experimental 
power station at Jiilich and is co-operating with 
the same company on the development of 
another ISMW direct cycle pebble-bed design 


ARBEITSGEMEINSCHAFT fiir STRAHLEN- 
SCHUTZ Freiburg i. B., Albertstr. 23 Tel 3 52 
44 

Film dosimeters, evaluation 


ARTHUR PFEIFFER GmbH Wetzlar Tel. 34 71! 
High-vacuum pumps; vacuum meters 


ASBEST - und GUMMIWERKE MARTIN 
MERKEL KG, Sanitasstr., Hamburg-Wilhelms- 
burg | Tel. 75 15 86 
Plastic, rubber and asbestos packing and 
components 


ATLAS-WERKE AG Bremen, Postfach 9, Wol- 
termershauser Str. 442/448a, Division Mess-und 
Analysentechnik Tel. 5 57 57 
Pressure controls; mass spectrometers; re- 
corders; vacuum meters; high vacuum valves: 
leakage monitors; micromanometers; d.c. am- 
plifiers 


AUERGESELLSCHAFT GmbH, Berlin N. 65 
Tel. 35 0S 71 
Air filters; humidity meters; protective clothing 


AUER - REMY VERTRIEBSGEMEINSCHAFT 
SELTENE ERDEN, H. BLUM & Co. KG 
Hamburg 1, Grosse Allee 28 Tel. 24 29 Sl 
Associated plants: Th. Goldschmidt AG, Essen- 
Ruhr; Degussa, Frankfurt-Main Sales Managers: 
H. Blum; E. Jaschinski 

Production and sale of europium oxide, haf- 

nium, rare earths, thorium 


BBC, Brown, Boveri & Cie. AG Mannheim 1, 
Postfach A 3 el. 58 91 Enquiries: Dr Ing. Karl 
Deitlhauser 
Accelerators; Cooling plants; drives; nondestruc- 
tive testing; nuclear design and construction; 


complete power reactors; reactor design; gas 
turbines; steam turbines; special welding 
apparatus. Can also supply: reactor simulators; 
complete research reactors 


BENNO SCHILDE MASCHINENBAU - AG 
Bad Hersfeld Tel. 17 01 


Fume hoods; ventilators; air conditioning sy- 
stems; air filters: air conditioning plants; heat 
exchangers 


BERKEFELD-FILTER GmbH Celle Tel. 51 55 


Decontamination plants, ion exchange columns; 
resins for ion exchange: water treatment plants 


ety GEBR. ROHR Krefeld-Uerdingen 
Tel. 4 02 4 


Lead shielding materials 


BOCHUMER VEREIN AG Bochum Tel. 6 90 21 


Steel suppliers 


BOPP AND REUTHER GmbH, paematete, 
Waldhof, Carl Reutherstr. 1 Tel. 5 80 


Valves and butterfly valves for D,O = 
helium-circuit, air-circuit. Have supplied valves 
for FR2 


BORSIG AG Berlin-Tegel, Berliner Str. 19-37 
Tel. 45 60 11 


Air compressors; chemical resistant coatings; 
power station condensers; cooling gas prifi- 
cation plants; cooling plants; reactor diese! 
emergency power supplies; ducting; econo- 
mizers; fans, ventilators; fittings, flanges: fluid 
filters; gas compressors; gas recombination 
plants; gates, bulkheads, locks; heat exchangers 
ion exchange columns; nondestructive testing 
stainless steel; stainless steel castings; steam 
generators: steam separators; superheaters, 
tubings, NF metals: tubings, seamless, stain 
less; steam turbines; special valves; water treat- 
ment plants; Also able to supply; aluminium 
finished parts; removable coatings; effluent 
plants; irradiation channels; lead boxes 
nuclear design and construction; reactor load- 
ing devices; reactor pressure containers; re- 
actor safety containments; shielded and glove 
boxes; shielding doors; shielding materials 
general, boron, heavy concrete, lead: shield 
ing units, design and construction; shielding 
windows; thermal columns; transport flasks 
coffins; gas turbines; vacuum chambers; reactor 
quality welding 


BRINDI, Ltd, Miinchen 23, Ohmstr. 9 Tel 
36 35 36 


Radiation measuring equipment 


Dr BRUNO LANGE Berlin-Zehlendorf 


Measuring instruments supplied to Jiilich 


BUCHLER & Co Braunschweig, Frankfurter Str. 
294 Tel. 2 53 15 


Hot laboratories, design; irradiation service; 
stable isotopes; complete isotope laboratories; 
lead boxes: manipulators; material testing, 
radiation sources and equipment; neutron 
sources; nuclear design and construction; nuclear 
training devices; radiation protection, consult- 
ants; radioactive compounds, processing; radio- 
active sources; radioactive standards; radio- 
active substances; radioisotopes, consultants; 
radioisotope, calibration; radioisotope con- 
tainers; radioisotopes, encapsulation; radioiso- 
topes, radiation protective storages; radium; 
radioactive self-luminous materials; shielded and 
glove boxes: shielding glass; shielding materials, 
general, heavy concrete, lead; shielding units, 
design and construction; shielding windows; 
waste disposal; waste storage 
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BUNDE= MINISTER fir ATOMKERNENERGIE 
und W sserwirtschaft, Der. Bad _Godesberg. 
The deral Ministry of Atomic Nuclear 
Ener and Water Economy was first formed 
in | to develop and exploit nuclear energy. 
it & ied its terms of reference to water 
econ in October 1957 
Wit! staff of some 150 permanent and 
tem y Officials, it deals with legislation 
and 1omic matters; administartion; inter- 
nat co-operation; research; engineering; 
and ition protection 
CARI UER SCHRAUBENFABRIK Wupper- 
tal-Cre verge 
" Spe yaterials and small parts 
CARI ANZLER Diiren/Rheinl. 
He and light water containers; helium 
cor rs; heat exchangers; tubings; ion ex- 
cha olumns; mixed bed filters etc. 
CARL FRUDENBERG Weinheim/Bergstr. 
Plas pr ducts 
CEA CONCORDIA ELEKTRIZITATS AG), 
Dort i, Munsterst. 231 Tel. 8 86 11 
Ait rs for reactors and laboratories 
COLORA MESSTECHNIK GmbH Lorch/Wiirtt 
Postfach 5 Tel. 483 
Ch atography apparatus 


CORROKUNSTSTOFF 
GmbH Giessen/Lahn 


68 4 


KORROSIONSTECHNIK 
Frankfurter Str. 143 Tel. 


Isotope laboratory equipment: fume hoods; 
glove boxes; shielding; air conditioning; furni- 
ture etc 
CSF (COMPAGNIE GENERALE DE TELE- 
GRAPHIE SANS FIL), Direktion Deutschland, 
Mir hen 15, Goethstr. 10 Tel. 53 16 07 





Insts 
DELBAG-LUFTFILTER GmbH Berlin-Halensee, 





um nentation, specialist materials 


Schweidnitzer Str. 11 - 16 Tel. 97 76 76; Diis- 

seldorf-Heerdt, Heerdter Buschstrasse 9 Tel. 8181: 

UK Delbag Air Filters Ltd. Uxbridge Tel. 2256 
Air filters 

DEMAG-ZUG GmbH Wetter (Ruhr), Postfach 

67/68 Tel. 20 41/49 A DEMAG subsidiary 
Cranes, lifting and conveying devices supplied 


for research reactors at Garching and Gees- 


thacht 


DEUTSCHE 

berg 
Formed in January 1956 to advise the Federal 
Ministry on all important matters of nuclear 
research, engineering and economy. Its mem- 
bership is composed of 29 persons oustanding 
in science, industry. etc. In addition it is 
assisted by some 200 other persons working 
in five different groups: atomic energy law, 
research and recruitment, technical control of 
reactors, radiation, financial and social prob- 
lems. Unlike the Atomic Energy Commissions 
of other countries, it has no real executive 
powers 


DEUTSCHE BABCOCK & WILCOX-DAMPF- 
KESSEL-WERKE AG _ Oberhausen (Rheinl.) 
Tel. 2 45 21 Co-operation with but separate from 
other B & W companies 
Power reactors designed of 
graphite-moderated magnox and AGR_ types. 
AGR type (150 MWe) being developed for 
group of utilities in North Germany (Studien- 
geselischaft fiir Kernenergiekraftwerke, Han- 
nover). Gas-cooled prototype aGR (10-15 MWe) 
being designed for the German small reactor 
development programme. 300 MW magnox type 
reactor for RWE design with English Electric 
Ship reactors ISMW (20,000 shp) gas-cooled 
reactor being designed for Blohm & Voss, 
Hamburg: collaborating with B & W (USA) on 
a PwR design. The 5MW swimming pool re- 
actor of Gesellschaft fiir Kernenerg’everwertung 
in Schiffbau und Shiffart mbH designed and 
erected in collaboration with B & W (USA) 
Pool lining for storage pond, storage blocks 
for spent fuel elements and irradiated samples, 


ATOMKOMMISSION, Bad Godes- 


the gas-cooled 


D0 heat exchangers, glandless valves, etc. 
supplied for the FrR2, Karlsruhe. Experimental 
facilities, storage blocks, active circuit ducting, 


shielding 
Jiilich 
Following components designed and erected 
heat exchangers and steam raising units; reactor 
pressure vessels end containments; water pcols 
for reactors; decay tanks and containments; 
pipe work and storage; water treatment plants; 
compiete auxiliary circuits; irradiation and ex- 
perimental facilities; ‘hot’ and ‘cold’ test 
loops; blowers; light and heavy concrete 
shielding; fittings: civil engineering: aluminium 


equipment supplied for DIDO at 


finished parts; conveyors; cooling gas purifica- 
tion plants; decontamination plants; drives; 
gas recombination plants; hot cells; ion ex- 
hange columns; leading; tubings in all 
materials; reactor quality welding 
DEUTSCHE EDELSTAHLWERKE AG Krefeld 
Stainless steel for reactor components 
DEUTSCHE KERNREAKTOR - VERSICHE- 


RUNGSGEMEINSCHAFT KdGin, Deutscher Ring 


tl Tel. 73 48 44 
Reactor insurance 
DEUTSCHE STEINZEUGWARENFABRIK 


Mannheim-Friedrichsfeld 
Laboratory equipment 


DEUTSCHE WORTHINGTON GmbH, Hamburg 
Condensers, general fabrication, instrumenta- 
tion 
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GRUNZWEIG & HARTMANN 
haven/Rheinl. Tel. 


DONGES STAHLBAU GmbH, (16) 


2 58 31 Sales Manager: 


DEUTSCHEN WERFT AG, Hamburg (DW) 


Working with AEG on a direct cycle BWR 
design study, government aided 


DEUTCHES ATOMFORUM, Diisseldorf Presi- 
dent:—Prof. 


D-Ing. K. Winnaker 

Formed in 1959 for the co-ordination and 
development of co-operative work in the field 
of nuclear energy. Parent companies: Arbeits- 
gemeinschaft fiir Kerntechnik, Diisseldorf; 
Deutsche Gesellschaft fiir Atomenergie e.V., 
Bonn; Verein Atom fir den Frieden e.V., 
Munich; and the Physikalische Studiengesell- 
schaft mbH, Diisseldorf 


AG, Ludwigs- 
66 42 
Insulation and coatings 


DINGLERWERKE AG Zweibriicken Tel. 34 51 
A DEMAG. subsidiary 
Reactor structure, biological shield and 


assembly of complete reactor for FR2 Karlsruhe. 
Economizers; fans, ventilators; fittings, flanges; 
gates, bulkheads, locks; heat exchangers: 
irradiation channels; lead boxes; leakage 
monitors; radiation protection consultants: 
reactor pressure vessels and safety containments; 
servomotors; shielding doors; design and con- 
struction of shielding units; thermal columns; 
reactor quality welding. Also able to supply: 
control rod drives; reactor loading devices: 
superheaters; transport flasks, coffins, special 
tubes; special valves; waste storage 
Darmstadt, 
Mainzerstr. 55, Postschliessfach 449 Tel. 7 43 31 
Vessels, cranes, etc. supplied to DIDO AND 
MERLIN at Jiilich. Crane supplied to Farbwerke 
Hoechst 
DRAGERWERK, HEINR & 
DRAGER Liibeck, Moislinger Allee 
K. Feldhan 
clothing 
Ratingen b 


BERNHARD 
53/55 Tel. 


Air filters; protective 
DURRWERKE AG 
36 11 
Economizers; heat exchangers; steam genera- 
tors; steam separators; superheaters. Also able 
to supply: conveyors; reactor quality welding 
DYNAMIT NOBEL AG Troisdorf Bez. Kéln 
Tel. Sieberg 50 51 
PVC and plastic 
equipment 
EDUARD DYCKERHOFF GmbH Poggenhagen- 
Hannover Tel. 62 
Insulating materials supplied for Kahl reactor 
EDWARDS HOCHVAKUUM GmbH, Frankfurt/ 
Main—Niederrad, Hahnstr. 34 Tel. 67 33 43 
High vacuum pumps and equipment 
ELEKTRO SPEZIAL GmbH Hamburg 1, Ménck- 
kebergstrasse 7, Tel. 32 17 Sales Manager: 1. V. 
Beck, Member of the International Philips 
Organization (UK: Research and Control Instru- 
ments Ltd.) 
Accelerators; air and water monitoring plants 
coincidence-anticoincidence analysers; cooling 
plants; dosimeters; GM _ tubes (special); humi- 
dity control; hand and foot monitors; nuclear 
design and _ construction; photomultipliers: 
pressure meters; pulse height analysers; radia- 
tion measuring instruments; radiation moni- 
toring plants; radioactive sources; recorders: 
electrical regulators; servomotors; television 
surveillance; temperature control; thermo- 
couples; timers; special welding apparatus 
ELEKTROPHYSIK Dr STEPHAN Bad Godes- 
berg, Plittersdorfer Str. 72 Tel. 6 88 44/45 
Planning and installation of isotope labora- 
tories 
ELEKTROSCHMELZWERK KEMPTEN GmbH 
Miinchen 22, Bruderstrasse 12 Tel. 22 99 91 
Boron shielding materials (boron carbide) 


Diisseldorf Tel. 


tubes, plates and general 


EMIL HELFFERICH NACHFOLGER, Flan- 
chenfabrik Kirkheim-Teck / Wiirtt, Dettinger 
Strasse 96 Tel. 13 46/48 

Fittings; flanges 
ERHARDT & SEHMER MASCHINENFABRIK 
AG A DEMAG subsidiary 
ERNST LEITZ GmbH Wetzlar Tel. 851 |UK 


E. Leitz (Instruments) Ltd.] 

Nuclear track microscope 
ESCHER WYSS GmbH, a aD. 
Postfach 105 Tel. Ravensburg 44 01 

Steam and gas turbines; pumps; compressors 
ESSENER APPARATEBAU GmbH Essen-Altene- 
ssen Tel. 29 23 54/56 

Heat pressure vessels, storage con- 

tainers in stainless steel and other materials etc. 
FARBENFABRIKEN BAYER AG Leverkusen- 


Bayerwerk Tel. 35 31 Chemical Sales: Messrs 
Meyerheim and Wilhelm 
Resins for ion exchange; activated charcoal: 


hydrazine compounds; tributy! phosphate; mar- 
keting radioisotopes. Can also supply terphenyl 
FARBWERKE HOECHST AG Frankfurt /Main- 


Hoecst, Briiningstrasse Tel. 31 OS 01 
Radioisotopes; heavy water. In association with 
Siemens Plania (Sigri-Kohlefabrikate) produce 


reactor graphite 
FERNSEH GmbH Darmstadt 
Photomultipliers 


FERNSTEUERGERATE oHG Zacharia-Oelsch- 


Meier Berlin-Britz, Jahnstrasse 68-72 Tel. 62 04 
51 
Recorders: remote handling equipment; servo- 
motors: temperture controls 


P. FISCHER & Co. AG Frankfurt/Main Siid 
High pressure tubings 

FRANKFURT UNIVERSITY — Institute for 

Nuclear Physics. Facilities:—rrF reactor, 1.5 

MeV cascade accelerator and a 5.5 MeV Van 

der Graaff generator 





FRANK & SCHULTE HANDELSGESELL- 
SCHAFT mbH Essen, Alfredstrasse 152 Tel. 
440 0 
Shielding concrete supplied for the FR2 re- 
actor, Karlsruhe; the FrF, Frankfurt and the 
BER Berlin. Constituents include granulated 
iron ore, ferro-phosphorus, haematite, ilme- 
nite, barytes and borocalcite 


FRIEDRICH UHDE GmbH, Hagen-Haspe, Ber- 
liner Str. 36 
Rolling mill and steel works equipment 


FRIESEKE & HOEPFNER GmbH Erlangen- 
Bruck/Mfr, Tennenloher Strasse Tel. 25 51/55 
Air and water monitoring plants; chromato- 
graphy apparatus; coincidence-anticoincidence 
analysers; control systems using radioisotopes; 
dosimeters; GM _ tubes (special); lead boxes: 
leading; hand and foot monitors; neutron 
counter tubes; nondestructive testing; nuclear 
design and construction; nuclear train‘ng 
devices; pulse height analysers; radiation 
measuring instruments; radiation monitoring 
plants; radiation protection, consulting; com- 
plete radiation surveillance car; remote hand- 
ling equipment; automatic sample changers; 
sealers, rate-meters; scintillation counters; 
shielded and glove boxes; thickness gauges 
using radioisotopes. Also able to Supply: - 
phys. laboratory equipment; radiation sources 
for materials testing 


Dr Ing. FRANK FRUNGEL GmbH, 400 Sull- 
dorfer Landstr., Hamburg-Rissen Tel. 81 21 51 
Generators and pulse transformers 


F. J. GATTYS,  Ingenieurbiiro fiir 
Maschinen-und Apparatebau Frankfurt a. 
Vilbeler Str. 36 Tel. 2 79 57 Sales 
Wilhelm Zanker 
Air and water monitoring plants; 
decontamination plants; hot cells; complete 
isotope laboratories; materials testing, radiation 
sources; non-destructive testing; reactor load- 
ing devices; optical remote control; automatic 
sample changers; shielding windows; waste 
disposal; waste storage; water treatment plants 


GEBR. BOHLER & Co. AG Diisseldorf-Ober- 
kassel, Hansa-Allee 321, Edelstahlwerk Diisseldorf 
Tel. 5 40 71 
Austenitic stainless steel; boron steel for nuclear 
power plants 


GEBRUDER KLEES Diisseldorf Tel. 


chem. 
Main, 
Manager : 


conveyors, 


8 48 11/12 


Hot laboratory construction and. equipment 

e.g. glove boxes etc. 
GERHARD ~~ BERGER, Fabrik __ Elektrischer 
Messgerite Lahr/Schwarzwald, Bergstrasse 36 
Tel. 32 01/32 02 

Servomotors; timers 


GESELLSCHAFT fiir ELEKTROMETALLURGIE 
GmbH, Diisseldorf 
Metals and alloys 


GESELLSCHAFT fiir die ENTWICKLUNG der 

ATOMKRAFT in BAYERN mbH_ (GEAB), 
Munich (Atom Power Development Co.) 
Limited liability company formed by four elec- 
tricity undertakings in Southern Germany, a 
chemical firm and the Government of Land 
Bavaria. Three-year contract with Siemens- 
Schuckertwerke for the development of a 
D,O pressure vessel reactor 


GESELLSCHAFT zur FORDERUNG der KERN- 
PHYSIKALISCHEN FORSCHUNG e.V (GFKF) 
name now changed—see under: Kernforschung- 
sanlage Jiilich des Landes Nordrhein—Westfalen 
—e. 


GESELLSCHAFT fiir INDUSTRIELLE FERTI- 
GUNGEN der CHEMIE und PHYSIK mbH 
7m Grafenberger Allee 165 Tel. 68 22 
77/7 
Compressors and pumps 
GESELLSCHAFT fiir KERNENERGIEVERWER- 
TUNG in SCHIFFBAU und SCHIFFAHRT 
mbH (GKSS) Location: Geesthacht, Hamburg. 
Joint company set up in 1956 constituted from 
33 firms representing a wide range of German 
industrial and financial interests - to further the 
applications of nuclear energy to shipbuiding and 
navigation 
Reorganized 1960—capital increased to DM80 
million with shares distributed as follows: the 
four north German coastal states of Lower 
Saxony, Bremen, Hamburg and_  Shleswig- 
Holstein—DM20 million, industry comprising 
shipyards, shipping companies, engineering con- 
cerns, banks and insurance companies—DM39 
million, Federal Republic—DM21 million. Funds 
for further capital investments and to cover 
operating costs will be supplied by the Gov- 
ernment and the States in the ratio 60 to 40 
Director General: Mr Geyer Comm. Manager; 
Dr M. von zur Mihlen 
Director of the Institute for Reactor Physics: Dr 
E. Bagge 
Collaborating with Interatom, since 1959, on 
the development of an omer. Has called for 
tenders (to be submitted by 31 Jan. 61) from 
German’ shipbuilders for test vessel of 
10,000shp: 22,000dwt, 177m long, 24m _ wide, 
9.6m deep—completed by 1965 at around 
DM35 million 


GESELLSCHAFT fiir LINDE’S EIMASCHI- 

NEN AG Hioillriegelskreuth b. Miinchen, Dr Carl 

von-Linde-Strasse Tel. 79 06 55 
Application of low-temperature techniques for 
gas purification processes. Helium purification 
systems supplied for reactors under construc- 
tion. Air compressors: air conditioning systems: 
cooling gas purification plants; gas compres- 
sors; heavy water production plants; special 
welding apparatus 
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GEA, GESELLSCHAFT fiir LUFTKONDENSA- 
TION mbH Bochum, Kénigsallee 43-47 Tel. 
3 72 SI 
D.O/H, heat exchangers in aluminium Air 
cooled water coolers and condensers. Secon- 
dary water coolers supplied for MERLIN and 
pipo in North-Rhine-Westphalia 


GESELLSCHAFT fiir NUCLEONIC und ELEC- 

TRONIC mbH (NUCLETRON) Miinchen 2, 

Dachauer Strasse 111 Tel. 55 08 80 Agents for: 

Laboratories Inc., Kay Electric Co., Non-Linear 

Systems Inc., Varian, Evershed & Vignoles 
Shielding units; pulse height analysers; control 
systems using radioisotopes; laboratory equip- 
ment; photomultipliers; vacuum pumps, scalers, 
ratemeters; scintillation counters 


GEVEL GmbH Diisseldorf, Schadowplatz 12 
Tel. 8 49 81 ; 
Radiation and general instrumentation. 
for ACES, Charleroi 
GEWERKSCHAFT BRUNHILDE 
Utze, Heiligerstrasse 17 Tel. 1 35 18 
Ore dressing plants; pulse shapers; pulse 
transmitters; radiation measuring instruments; 


Agents 


Hannover- 


complete radiation surveillance car; scintilla- 
tion counters; uranium concentrates; waste 
disposal 


GEWERKSCHAFT KERAMCHEMIE Siershahn/ 
Westerw., Tel. Ransbach 0 26 23 Sales Manager: 
Hubert Hintzen 
Chemical resistant coatings; removable coatings; 
floor coatings; protective claddings 
GLASFASER GmbH Diisseldorf Tel. 1 41 56 
Insulating materials for Karlsruhe etc. 
Th. GOLDSCHMIDT AG, as Fabriken 
Essen, Sdéllingstrasse 120 Tel. 2 31 
Europium oxide 
P. GOSSEN & Co. 
bachstrasse 25 Tel. 
C. Dittberner 
Electrical regulators; temperature controls 
FRITZ H. GOTTFELD GmbH, K6ln-Lindenthal 
Tel. 41 85 94 
Isotope containers 
GRAETZ-RAYTRONIC GmbH Altena (West f.), 
Graetzstrasse Tel. 32 41 
Dosimeters; radiation measuring instruments 
GRUN & BILFINGER AG, Mannheim, Carl- 
Reiss-Platz 1 - 5 Tel. 45 91 
Heavy concrete shielding materials 


GRUNDIG RADIO-WERKE GmbH oe /Bay., 
21 


GmbH Erlangen, 
33 41 Sales Manager: 


Nigel- 
Heinz 


Kurgartenstrasse 37 Tel. Niirnberg 7 
Television surveillance (supplied > CEA, 
France); nuclear training devices; dosimeters 


GUSSSTAHLWERK = AG Witten/Ruhr, 
Auerstrasse 4 Tel. 21 4 
Steel suppliers 


GUSTAV F. GERDTS KG Bremen, Hemm- 
strasse 130 Tel. 8 42 91 Technical Sales Manager: 
Dr Ing. Walther Simon UK Representative: 1.V. 
Pressure Controllers Ltd. 

Fittings; steam separators 


GUTEHOFFNUNGSHUTTE STERKRADE AG 
Werk Sterkrade Oberhausen-Sterkrade Tel. 60141 
Head of Nuclear Technology Division:Dr Alfons 
Thiel Licensing Agreement with General Atomics 
for design, construction and sale of all types 
of GA. reactors 
30-ton reactor tank built for FR2, designed and 
built 90-ton heat exchanger for the Kahl pwr. 
Air compressors; circulators; chemical resistant 
coatings; power station condensers; conveyors; 
economizers; fans, ventilators; gas compressors; 
gas recombination plants; gas separators; heat 
exchangers; nondestructive testing; ore dressing 
plants; steam generators; steam separators: 
superheaters; gas turbines; steam _ turbines; 
reactor quality welding. Can also supply: com- 
plete power reactors; reactor design: reactor 
pressure containers; reactor safety containments; 


complete research reactors; transport flasks, 
coffins 

HAHN-MEITNER-INSTITUT fiir KERNFOR- 
SCHUNG, Berlin. Governed by the Berlin 


Education Senate and works in close liaison with 
bo Free University and the Technical College. 
Conducts research on nuclear chemistry—main 
facility BER reactor—mathematics and biology 


HALLWACHS & MORCKEL, Fabrik fiir 
Betriebsmessinstrumente Bensheim Tel. 31 16. 
Fluid flow meters; pressure meters; electrical 
regulators; remote control; temperature con- 
trol 


HANS-HEINRICH-HUTTE GmbH _ Frankfurt/ 

Main, Reuterweg 14 Tel. 55 OS 71 Sales 

Manager: H. Mische 
Lithium and its salts; 
their compounds 


. 5 WALISCHMILLER Meersburg/Bodensee 

el 223 
Air filters; centrifuges; chemical resistant coat- 
ings; cranes, lifting and conveying devices; 
bellows expansion joints; fans, ventilators; fit- 
tings, flanges; fume hoods; gates, bulkheads, 
locks; hot cells; construction and design of 
hot laboratories; irradiation channels; complete 


rubidium, caesium and 


isotope laboratories; chem. phys. laboratory 
equipment; laboratory furniture; lead boxes: 
manipulators; radiation sources for material 


testing; protective clothing; radiation protec- 
tion, consultants; radioisotopes containers; 
radioisotope encapsulation; radioisotopes, radia- 
tion protective storages; optical remote con- 
rol; remote handling equipment; shielded and 


glove boxes; shielding doors; shielding glass; 


shielding materials, general, heavy concrete, 
lead, tungsten; design and construction of 
hieldi units; shieldi windows; waste sto- 





rage; special welding apparatus 
HARTMANN AND BRAUN, Mess und Regel- 
technik, Frankfurt/Main-West 13, Grafstr. 97 
Tel. 77 06 11 
Light electrical, 
mentation 
HENSCHEL-WERKE GmbH Kassel 
Feedwater tanks; shielding water tanks; fuel 
handling equipment 
M. HENSOLDT & SOHNE, Optische Werke AG 


precision mechanisms, instru- 


Wetzlar, Postfach 207, Gloelstr. 3-5 Sales 
Managers: Home, E. A. Genrich; Overseas, H. 
Hauser UK representative: Degenhardt & Co. 
Ltd London 


Optical remote viewing equipment 

W. C. HERAUS GmbH Hanau Tel. 2 42 51 UK 

Representative: Fieischman (London) Ltd. 
Vacuum arc melting furnaces and electron 
beam melting furnaces. Furnaces of the former 
type supplied to many countries. The latter 
type, important for high m.p. metals (e.g. 
niobium, tantalum) supplied to Euratom and 
CEA/France. Furnaces used for producing 
zircaloy-2 and other high-quality alloys. Vacuum 
pumps; vacuum meters; valves; electron beam 
welding etc. 

HERFUTH GmbH Hamburg-Altona Tel. 89 33 63 
Radiation detection instrumentation 

AG A. HERING Niirnberg. Herrnhutterstrasse 

33-35 Tel. 57 87 41/44 


Air conditioning plants; air conditioning 
systems; vacuum chambers; water treatment 
plants 


HILGER AND WATTS Ltd., 
Seydlitzstr. 38 Tel. 4 08 71 


HOCHTIEF AG, Hoch-und Tiefbauten, vorm 
Gebr. HELFMANN Essen, Rellinghauserstr. 55 
57 Tel. 2 O1 21 

Shielding materials and units 
HOCHLIST AG fiir Hoch-und Tiefbauten Nieder- 
lassung Frankfurt/Main, Bockenheimer Landstr. 
24 - 26 

Shielding. Contractors for German pIDo and 

MERLIN and Kahl reactors 


ANDREAS HOFER 
GmbH Mulheim (Ruhr) 
pelinstrasse 14 Tel. 4 61 
Dr-Ing. Werner K®6ttnitz 
Air compressors; circulators; gas compressors; 
pumps, diaphragm, seal-less; special valves 


HONEYWELL GmbH Frankfurt/Main, Rhein- 
gauallee 112 Tel. 77 07 87 (subsidiary of the 
Minneapolis Honeywell Regulator Co.) Sales 
Manager: A. Abolins 

Complete reactor instrumentation supplied to 
the Munich Fl reactor through AMF. Com- 
putors; control systems using radioisotopes: 
fluid flow meters; flux meters; humidity con- 
trol; phys. laboratory equipment; nuclear 
training devices; pressure meters; radiation 
measuring instruments; radiation monitoring 
plants; reactor simulators; recorders; electrical 
regulators; remote control; remote handling 
equipment; scalers, ratemeters; semiconductors; 
servomotors; temperature controls; thermo- 
couples; vacuum meters; special valves 


IDEAL-STANDARD GmbH _ Bonn, Poppels- 
dorfer Allee 114 Associate of American-Standard, 
USA; Rbheinkilte, Diisseldorf; Ideal-Standard, 
Bonn 
Complete research reactors (UTR). Cooling plants 
etc. 


INDUSTRIEBERATUNG in FRAGEN der 

PHYSIK KG6in, Teutoburger Str. 3 Tel. 3 58 68 
Control systems using radioisotopes; GM tubes; 
level gauges using radioisotopes; nuclear train- 
ing devices; radioisotopes, consultants 


INDUSTRIE-WERKE KARLSRUHE AG Karls- 
ruhe, Gartenstrasse 71 Tel. 2 29 11 
Bellows expansion joints supplied to Berkeley, 
Hunterston and Hinkley Point for main ducts 


INSTITUT fiir STRAHLENTECHNOLOGIE der 

LEBENSMITTEL-to be set up at the Karlsruhe 
centre to complement the work of the Federal 
a Office for the Preservation of Food- 
Stuffs 


INTERATOM Internationale Atomreaktorbau 

GmbH  Bensberg/K6ln, Postfach Tel. 27 91 

Parent Companies: DEMAG AG, Atomics Inter- 

national Sales Manager: Dr. L. Fischer-Zernin 
Planning assistance to AI on the construction 
of the L-54 reactors at Frankfurt/Main and 
Berlin. Participation with AI in the KBWP 
preliminary design contract for an omR 150 
MWe nuclear power station in southern Ger- 
many. Design contract with GKSS of Hamburg 
on an OMR marine propulsion unit. Homo- 
geneous research reactors; industrial applica- 
tions of radioisotopes; design and supply of 
reactor accessories and _ services, es 
control rods; decontamination of soume and 
equipment; hot cells: nondestructive testing: 
nuclear training devices; radioactive sources; 
radioisotope containers; reactor loading. de- 
vices: shielding units; sub-critica] assemblies; 
thermal columns; transport flasks, coffins; waste 
disposal; waste storage 


INTERMETALL Gesellschaft fiir Metallurgie und 


Dortmund-Horde, 


Hochdruck-Apparatebau 
Postfach 535, Zep- 
34 Sales Manager: 


Elektronik mbH Freiburg i. Br., Hans-Bunte- 
Strasse 19 Tel. 31495 Sales Manager; Robert 
Stasek. Associated with the Clevite Corp., 


Cleveland, USA 
Semiconductors 


ISOTOPENLAB. Dr __Sauerwein, 

Eller, Harfstr. 148 Tel." 78 62 16 
Material testing, tracer experiments, ser ices 
supplied to DIDO 

ISOTOPEN - STUDIENGESELLSCHAFT - co. 
operative association of German indus rial 
companies to develop the uses of radioisot«pes 
in all areas of technology. Facilities being | uilt 
at the Karlsruhe Centre to conduct its own 
research programme and carry out research 
contracts 

Th. JANSEN GmbH Armaturen-und Maschiren- 

fabrik Rohrbach, Saar ; 
Isolating valves for reactor primary gas cir- 


Diisselc orf. 


cuits; fittings 
JENAER GLASWERK SCHOTT & G 
Mainz/Rhein, Hattenbergstrasse Tel. 8161 


Shielding glass (Sales Manager; Walter Duy); 
glass-to-metal bonding & special glass (Sles 
Manager, Erich Schulze). Research centres in 
Germany, France, Italy, the UK, the USA, 
Switzerland and Australia have been supp ied 
KERNFORSCHUNGSANLAGE — JULICH les 
LANDES NORDRHEIN—WESTFALEN-e.V 
Originally set up in 1953 as the Gesellschaft 
zur Férderung der kernphysikalischen Forschung 
e.V. to plan, construct and operate the Jii)ch 
Nuclear Research Centre. Composed of - 
scientific universities of the State of Nor 
rhine-Westphalia (Bonn, Cologne and Mins: be 


and some of the important firms in the 
nuclear field. Facilities: DIDO, MERLIN type 
reactors and various institutes for Reacior 


Materials, Radiochemicals, Plasma Physics, cic 


KERNKRAFTWERKE BADEN - WURTTEM- 
BERG Planungsgesellschaft mbH, Stuttgart 
Recently formed to succeed AKS for the 
placing of contracts for reactor design studies 
A contract is about to be signed with Inte r- 
atom for a 1S0MW omR power plant study. 
With the proposed site near Mosbach (south- 
ern Germany), if design is acceptable KBWP 
will then decide on construction as part of 
Euratom programme, completion by 1965 
KERNREAKTOR BAU-und BETRIEBSGESELL- 
SCHAFT (KI) set up in 1956 to acquire, collect 
and apply scientific and technical data on the 
peaceful development and applications of 
nuclear energy. Built and is operating the 


Karlsruhe Nuclear Research Centre operates 
the FR2 reactor and Institute for Neutron 
Physics 


KERNREAKTOR  Bau-und Betriebs-Gesellschaft 
mbH Karlsruhe Weberstrasse 5 Tel. 2 68 25/2 
Research and development company 
KERNREAKTOR - FINANZIERUNGSGESELL- 
SCHAFT. Special jointly-owned company to 
Capital DM60 million (Federal Republic 30% 
Baden-Wiirttemberg 20%; Industry 30%). Runn- 
ing expenditure: Federal Republic /Baden-Wiirt- 
temberg 75/25 ratio, latter's share limited to 
DM7°5 million annually 
GESELLSCHAFT fiir KERNFORSCHUNG (KI) 
set up in 1959 to handle the finances and 
facilities at the Karlsruhe Nuclear Research 
Centre not included in the original plans of KI 
and in which ——- does not wish to partici- 
pate. Participants ederal Republic-75% Baden- 
Wiirttemberg-20%, upper limit DM20_ million 
Estimated funds for 1961 DM 120 million 


Operate: Institutes for Radiochemistry, Nuclear 
Techniques, Radiobiology, Hot Chemistry, 
Electronics, Solid State Physics, Reactor 


Materials and Nuclear Physics; Isotope Labora- 
tories, a 50MeV cyclotron, zero energy Argo- 
naut; School for Nuclear Techniques 


KIENZLE APPARATE GmbH Villingen (Schwarz 
wald), Prinz Eugen Strasse 20 Tel. 32 81 Sales 
manager: Dipl.-Ing. Gerwalt Polzin UK Agent 
Radiatron 
Digital printers 
KIREM, Kernstrahlungs-, Impuls-und Reaktor- 
Messtechnik GmbH _ Frankfurt/Main, Bocken 
heimer Landstrasse 101 Tel. 77 18 63/77 19 33 
(A co-operative organization between Hartmann 
& Braun AG and Messrs. Landis & Gyr) 
GM tubes: ionization chambers; level gauges 
using radioisotopes; linear amplifiers; hand and 
foot monitors; dosimeters; proportional 
counters; radiation measuring equipment; air 
and water monitoring equipment; flow meters; 
thickness gauges using radioisotopes; reactor 
period meters; scalers; ratemeters; photomulti- 
pliers; scintillation counters; radiation protec- 
tion warning; reactor control instruments 
RICH. KLINGER GmbH Idstein/Taunus Post- 
fach 69 
Packing and seals in p.t.f.e. 
KLOCKNER-HUMBOLDT-DEUTZ AG _ Werk 
Humboldt, Kéln-Kalk, Wiersbergstrasse Tel. 67 
71/ Sales enquiries: Dr-Ing. Lothar Wenz 
Absorbers; centrifuges; conveyors; reactor 
diesel emergency power supplies; fans, ven- 
tilators; gates, bulkheads, locks; heat ex- 
changers; ore dressing plants 
KLOCKNER - MOELLER, ELEKTRIZITATS- 
GmbH Bonn, Immenburgstr. 7-11 Tel. 5 29 Ol 
Regulation and control equipment. Have 
supplied Mary Kathleen Uranium, Bonn syn- 
chrocyclotron etc. 
KLOCKNER-WERKE AG, 
heimerstr. 50 Tel. 39 01 
Compressors 
KLOCKNER-WERKE AG, Georgsmarienwerke 
Osnabriick Bessemerstr. 1 Tel. 32 21 
Flange ring supplied for the Kahl Fr2 reactor. 
Heat exchangers; reactor pressure containers: 
reactor safety containments; stainless steel; 


Duisburg, Mul- 


steam generators; transport flasks, coffins; 
waste storage; reactor quality welding 
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AUG 

TGoilcrs S; rings mech. handling equip. etc. 
Dip! », ULRICH KNICK Berlin-Zehlendorf, 
Katherinenstrasse 2-4 Tel. 84 23 47 ; 
Electronic measuring (supplied to 
Germoan reactor institutes) 


ALB’ &T KNOTT Miinchen 23, Muffatstrasse 8 
Tel 14 80 Agents for: The Victoreen In- 
strumeat Co., Jordan Electronics, Inc., Precision 
Radiation _ Instruments, Inc., Crystals, Incor- 
porta George A. Philbrich Researches Inc. 
( putors; GM tubes; semiconductors; pulse 
tr litters; pulse height analysers; ionization 
ct ers; phys. ° laboratory equipment; 
ne n counter tubes; photomultipliers; auto- 
ma sample changers; radioactive sources; 
se onductors; scalers, ratemeters; recorders; 
eters; radiation monitoring instruments; 
gical radiation measuring instruments; 
sc lation crystals; scintillation counters; 
special GM_ tubes 


KOHLENSCHEIDUNGS-GESELLSCHAFT mbH 


4 
da 
& 


Stuttgart-W., Johannesstrasse 41-45 Tel. 6 81 56/ 
59 Owned by: Combustion Engineering Inc., 
New York & Mathias Stinnes AG, Mulheim/ 


Ruh 
oe at exchangers; 
idby boilers 


KOI LN-WESSELINGER EISENBAU mbH Wes- 

seling bei K6ln Tel. 41 
Mechanical Lorain equipment and construc- 
uon 

Jj. KOTTERMANN KG Fabrik f. 

apparate und-mdbel, Hanigsen iib. 

247/248 Sales Manager: J. Freres 
Air conditioning plants; fans, ventilators; fume 
hoods; design and construction of hot labora- 
tories; complete isotope laboratories; chem 
phys. laboratory equipment; laboratory furni- 
ture Can also supply: air filters; fittings, 
flanges: floor coatings; radioisotopes, radiation 
protective storages; shielded and glove boxes; 
waste disposal 


H. KRANTZ LUFTTECHNIK $ Aachen-Rich- 
terich, Postfach Tel. 3 70 44 
Air conditioning systems; air conditioning 
plants supplied to German reactors 
KROPFMUHL-RINGSDORFF AG fiir Sonder- 
graphite, Bad Godesberg-Mehlem, Konigswin- 
terestr. 1 Tel. Bad Godesberg 1 20 01 
Graphite for all nuclear and reactor engineer- 
ing purposes 


KSB Klein, Schanzlin & Becker AG Frankenthal 


oil-fired superheaters and 


Laboratoriums- 
Lehrte Tel. 


Pfalz Tel. 25 11 Sales Director: Dipl.-Ing. G. 
Kleiber 
Air compressors; circulators; fittings, flanges; 


pumps, seal-less, canned, vacuum; swi 

special valves. Pumps and switchboards supplied 
to research and power reactors in all European 
countries, the UK and Japan 


KUNSTSTOFFTECHNIK GmbH Troisdorf/Kéin 
Tel. Siegberg 65 55/56 
Plastic valves, pumps; air conditioning plants; 
general isotope laboratory equipment 
LABORATORIUM Prof. Dr BERTHOLD 
Wildbad /Schwarzwald, Calmbacher Strasse 22 
Tel. 587 Sales Manager: Kurt Leininger 
Air and water monitoring plants; coincidence- 
anticoincidence analysers; control systems 
using radioisotopes; dosimeters; GM _ tubes 
(special); level gauges using radioisotopes; hand 
and foot monitors; neutron probes; nuclear 
training devices; pulse height analysers; radia- 
tion measuring instruments, radiation monitor- 


ing plants; radioactive sources; automatic 
sample changers; scalers, ratemeters; scintilla- 
tion counters; thickness gauges using radio- 


1otopes 


F. LANDENDORF Hamburg 39, Muhlenkamp 
59 Tel. 27 34 42. Associated with Chempump 
Corp, USA 
Canned pumps, D,O organic liquids 
LAND GOVERNMENTS 
Advisory boards and commissions on atomic 
energy maters. Baden-Wiirttemberg: (1) Ad- 
visory board on nuclear energy (2) Specialist 
commission on_ radiation. Bavaria: State 
commission on the peaceful uses of atomic 
energy. Berlin Atomic Commission. Schleswig- 
Holstein; permanent study commission 


LEWA, HERBERT OTT KG, Leonberg b. 
Stuttgart, Eltingerstr. 58-60 Tel. Leonberg 72 41 
Precision mechanisms, e.g. proportioning pumps 


LEYBOLD-HOCHVAKUUM-ANLAGEN GmbH 
Kéln-Bayental, Bonner Strasse 504 Tel. 47 16 
Subsidiary of E. Leybold’s Nachfolger UK 
Representative: Leybold-Elliott Ltd. 
Manufacturers of high-vacuum equipment 
Projects include: steel cells for isotope dis- 


tribution, Freie Universitat Berlin; Vacuum 
equipment, large pump sets, special liquid 
hydrogen containers for CERN; engineering 


design and supervision of the radioactive 
laboratories and hot cells at the Atomic Centre 
Jilich; member of the German group to- 
gether with Lurgi Gesellschaft fiir Chemotech- 
nik mbH, and Friedrich Uhde GmbH for the 
Eurochemic Reprocessing Plant at Mol; design 
of dismantling cell for the Reactor Centre 
Jiilich; manipulators for various German and 


foreign research centres and industry. Also 
can supply: b.s.d. equipment; decontamination 
plants; effluent plants; lead boxes; reactor 


loading devices; design and construction of 


reprocessing plants; transport flasks, coffins; 
waste disposal ‘ 
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LUDWIG GREFE Ludenscheid i.W. 
Flow Measuring equipment 
LUFTFAHRT-TECHNIK GmbH Kommandit- 
geselischaft Diisseldorf, Berliner Allee 69 Tel. 
8 07 83/85 Representatives of Bristol Siddeley 
Circulators; control rod drives; gas compres- 
sors 
LURGI Gesellschaft fiir Chemotechnik GmbH, 
Frankfurt/Main, Gervinusstr. 17/19 Tel. 55 06 51 


Engineering and services, e.g. ore treatment 
plant, reactor engineering 
LUWA GmbH, Frankfurt/Main, Hanauer 
Landstr. 200/202 Tel. 4 85 41 


Air conditioning for reactors, heating and 


ventilation equipment filters 


MAINZ UNIVERSITY—Institute for 
and Nuclear Chemistry. Main facility: 
reactor 
MAN MASCHINENFABRIK AUGSBERG- 
NURNBERG AG, Werk Niirnberg Niirnberg 2 
Tel. 4 89 81 Co-operation agreement with GEC 
Air conditioning plants; air conditioning 
systems; power station condensors; cranes, 
lifting and conveying devices; reactor diesel 
emergency power supplies; economizers; fans, 
ventilators; gates, bulkheads, locks; heat ex- 
changers; neutron diffraction apparatus; reactor 
pressure vessels; reactor safety containments: 
super heaters; gas turbines; steam turbines. 
Also able to supply: complete power reactors; 
complete research reactors; steam generators; 
steam separators; transport flasks, coffins. 
MAN Augsburg works are building a neutron 
diffraction spectrometer for Yugoslavia 
MANNESMANN-EXPORT GmbH _Diisseldorf, 
Mannesmannufer Tel. 82 01 
Reactor pressure vessel supplied for Kahl. 
Another pressure vessel for the Dragon pro- 
ject now under construction. Chemical resis- 
tant coatings; reactor pressure vessels; stainless 
steel; special tubes; tubings, seamless, stainless; 
reactor quality welding 
MANNESMANN ROHRLEITUNGSBAU GmbH, 
see Mannesmann-Export RUHRSTAHL AG Hein- 
richshiitte Hattingen/Ruhr Tel. 35 42 
Reactor pressure vessels, heat exchangers, con- 
tainments tubing, thermal shielding, plate, 
vacuum chambers, equipment supplied for 
Kahl reactor and CERN synchrocyclotron 
yy MARQUART AG Beuel/Rheinl. Tel. 
Cadmium, bismuth products 
MASCHINENBAU - AKTIENGESELLSCHAFT 
BALCKE Bochum, Marienplatz 5 Tel. 6 90 11 
Suppliers to SSW, BBC, AEG, etc. Cooling 
plants: fluid filters; gas compressors; heat 
exchangers; vacuum pumps; water treatment 
plants. Can also supply: air conditioning plants; 
vacuum chambers 


MATERIAL-PRUFSTELLE FRITZ H. GOTT- 
FELD Koln-Lindenthal Tel. 41 85 94 
Nondestructive testing; isotope consultants 

MAX PLANCK INSTITUTE for PLASMA 
PHYSICS—tesearch foundation set up near to 
the Garching Research Station by the Max 
Planck Company for the Advancement of Science. 
Works closely with Euratom,  Jiilich, the 
Piasma Institute of Hanover Technical High 
School (building) and university working groups 


Inorganic 
Triga II 


at Kiel, stuttgart and Brunswick 
MEDIZINISCHE TECHNIK. Ing. AUGUST 
HOFMANN, Bamberg, Stuffenbergstr. 140 Tel. 


44 25 Agent for Radiation Counter Laboratories - 


Inc. USA 

Multi-channel analysers, etc. 
E. MERCK AG, Darmstadt Tel. 

Uranium, thorium etc. 
METALLGESELLSCHAFT AG Frankfurt/Main, 
Reuterweg 14 Tel. 55 O05 71 Affiliated with 
Vereinigte Deutsche Metallwerke AG, etc. 


80 21 


Aluminium and alloys; bismuth; cadmium; 
nuclear purity calcium; magnesium; uranium, 
concentrates 

METALLSCHLAUCH-FABRIK PFORZHEIM 
Pforzheim Tel. 18 06 

Heat exchangers, bellows, expansion joints, 
tubes etc. 


METZENAUER & JUNG Wuppertal 
Instrumentation and control supplied to Riso, 
RCN etc. 

MOTOREN-WERKE MANNHEIN AG Mann- 

heim 1, Postfach 1563 Tel. 5 80 81 
Reactor emergency diesel supplies for various 
research centres including Karlsruhe Technische 
Hochschule, Jiilich etc. 


MUNK AND SCHMITZ VERTRIEBSGESELL- 
SCHAFT mbH, KoOin-Poll, Poller Kirchweg 92- 
104 Tel. 8 30 O1 

Vacu-blast equipment 


NEUE ARGUS GESELLSCHAFT mbH Ettlin- 

gen/Baden, Goethestrasse 15 Tel. 27 34 
Fittings: supplied for 
Germany 


NEW-YORK HAMBURGER GUMMI-WAAREN 
COMPAGNIE, angeschl.: Dr Heinrich Traun & 
Séhne GmbH Hamburg-Harburg 1, Narten- 
strasse 19 Tel. 77 10 31 
Chemical resistant coatings; removable coat- 
ings; moulded parts in special materials; seals, 
packings; tubings, nonmetallic. Can also 
supply: bellows expansion joints 


ALFRED NEYE ENATECHNIK Darmstadt, 
Elisabethenstrasse 17 Tel. 7 63 59/ 7 28 30 
Exclusive licence for West Germany from 
Ekco/Dynatron Ltd UK. Eldorado Electronics 
USA, Franklin Electronics USA 
Nucleonic measuring apparatus 


valves reactors in 


Se pe ae ar Diisseldorf, Florastrasse a4 
Tel. 1 93 cial Wal 





psd ps > ser all Siddeley Nuclear 
Ltd. for gamma 


Gartner 

Power and TEM Engineering 

irradiation equipment - 
Isotope devices for nondestructive materials 
testing; gamma irradiation equipment ~ 


NUKEM. Nuklear-Chemie und Metallurgie 
GmbH Wolfgang bei Hanau/Main Tel. 69 


Founder Companies: Degussa, Rio_ Tinto 
Management Services, Mallinckrodt Chemical 
Works 


Producers of fuel elements of natural and en- 
riched uranium, breeder elements of thorium 
and reflector elements. Fuel elements have 
been supplied for the FR2, Siemens reactor at 
Garching and the AEG research reactor at 
Grosswelzheim. Elements for the BBC-Krupp 
reactor are being produced. Also selling agents 
for Degussa-Wolfgang Industrieofenbau indus- 
trial furnaces; facilities for refining uranium 
and producing fuel elements have been supplied 
to the Agentinian, Spanish, Indian and Italian 
Atomic Energy Authorities, and to the 
Sumitomo Atomic Energy Industries Inc. 


OSRAM GmbH Miinchen 2 Tel. 22 88 91 
Lighting; shielding materials, tungsten, acm 
denum etc. 


Dr C. OTTO & COMP. Gesellschaft mit bes- 
chrankter Haftung Bochum, Christstrasse 9 Tel. 
3 73 2 

Centrifuges; gas compressors; heat exchangers; 
ion exchange columns; ion exchange resins; 
water treatment plants. Can also supply: gas 
separators; ore dressing plants 


PERMUTIT AKTIENGESELLSCHAFT Berlin- 
Schmargendorf, Auguste-Viktoria-Strasse 62 Tel: 
89 03 86 
Decontamination plants; ion exchange columns; 
ion exchange resins; water treatment plants; 
heat exchangers 


PHISIKALISCH - TECHNISCHE WERKSTAT- 
TEN Dr PYCHLAU KG, Freiburg im Breisgau, 
Lorracherstr. 7 Tel. 3 17 10 

Radiation detection and monitoring equipment 


PHOENIX-RHEINROHR AG, Vereinigte Hiitten- 
und Rohrenwerke, Diisseldorf, August-Thyssenstr. 
1 Tel. 82 41 Sales Manager: Walter G. Geue 


Fittings, flanges, heat exchangers; non- 
destructive testing; specia) tubes, seamless, 
Stainless. Can also supply: economizers; 


reactor pressure vessels; shielding units; super- 
heaters; waste storage; reactor quality welding 


PHYWE AKTIENGESELLSCHAFT Gottingen, 
Levinstrasse, Flugplatz Halle 61 Tel. 2 43 38/39 
Air and water monitoring plants; centrifuges; 
dosimeters; chem. phys. laboratory equipment; 
laboratory furniture; lead boxes; neutron 
sources; nuclear training devices; radiation 
measuring instruments; radiation mcnitoring 
plants; radioactive substances; shielded and 
glove boxes; timers 


PICKER & HARTING GmbH Espelkamp-Mitt- 
wald / Westfalen 
Isotopes, radiation detection equipment 


PINTSCH BAMAG AG Butzbach/Hessen. Tel. 
41 Ol 


Decontamination plants, reactor and chemical 
engineering. Have supplied Karlsruhe, Jiilich 
Kahl etc. 


POTSCHKE & Co. 

fiir Strahlungsmessgeriate 

Postfach 2766 Tel 

Adolf K.-H Pétschke 
Equipment supplied to AEG, BBC-Krupp and 
Kernreactor Bau-und Betriebsgesellschaft. Air 
and water monitoring plants; coincidence- 
anticoincidence analysers; control systems using 
radioisotopes; digital printers; dosimeters; GM 
tubes (special); design and construction of hot 
laboratories; humidity controls; ionization 
chambers; complete isotope laboratories; lead 
boxes; leakage monitors; level gauges using 
radioisotopes; hand and foot monitors; neutron 
counter tubes; neutron probes; nuclear design 
and construction; nuclear training devices; 
photomultipliers; protective clothing; quartz 
glass and equipment; radiation measuring in- 
struments; radiation monitoring plants; radia- 
tion protection, consultants; complete rad ation 
surveillance car; radioisotopes, consultants; 
radioisotopes, radiation protection storages; 
recorders; automatic sample changers; scalers, 
ratemeters; scintillation counters; scintillation 
crystals; shielded and glove boxes; shielding 
doors; shielding glass; shielding materials, 
lead; designed construction of shielding 
radioisotopes; timers. Can also supply: chromo- 
tography apparatus; reactor diesel emergency 
power supplies 


PRAZISIONSMESSGERATE RSV Dr H. RITZL 
and Dr R. SEITNER oHG, Hechendorf/Pil- 
sensee, Inningerstr. 17 

Photomultipliers; pulse height analysers, etc. 


PREUSSISCHE BERGWERKS-und HUTTEN- 
AKTIENGESELLSCHAFT Hannover 1, Leibnit- 
zufer 9 Tel. 1 44 71/75 
Cadmium; fittings, flanges; lead shielding 
materials; tubings, NF metals, nonmetallic, 
seamless, stainless; water treatment plants 


QUARTZ & SILICE (DEUTSCHLAND) GmbH, 
Bad Pyrmont/Mains Hylligen Born 1 Tel. 442 
Scintillation crystals 


oHG, Vertriebsgesellschaft 
Frankfurt/Main 
55 16 88 Sales Manager: 





RADIUM-CHEMIE Dr v. Gorup KG Frankfurt/ 
Main, Untermainkai 34 Tel. 33 62 10 Associated 
with Buchler & Co., Braunschweig 
Static el.mination, radiography and thickness 
measurement; gamma sources for medicine and 
industry; lead boxes; transport flasks, coffins; 
remote handling equipment 


REAKTORPUMPEN HALBERG-WEISE AG, 
Heidelberg, Treitschkestr. 3 Tel. 2 43 23 
Pumps 


REAKTORSICHERHEITSKOMMISSION (RSK) 
—Reactor Safety Commission Headed by Prof. 
Dr Ing. J. Wengler of Farbwerke Hoechst and 
supported by specialists from many fields, in- 
cluding: radiation biology, air purification, ship- 
building and ship propulsion, radiation medicine, 
civil engineering, nuclear physics and nuclear 
chemistry 


REICHERT-ELEKTRONIK GmbH & Co. KG 

Trier, Postfach 743 Tel. 743 
Air and water monitoring plants; coincidence- 
anticoincidence analysers; computers; dosi- 
meters; ionization chambers; neutron choppers: 
pulse height analysers; pulse shapers; pulse 
transm tters; radiation measuring instruments; 
radiation monitoring plants; automatic sample 
changes; scalers, ratemeters; scintillation coun- 
ters, servomotcrs 


REKUPERATOR KG Dr-Ing. SCHACK & Co. 
Diisseldorf Tel. 49 00 55 
Heat exchangers, superheaters, air condition- 
ing plant etc 


RHEINISCH - WESTFALISCHES ELEK- 

TRIZITATSWERK AG (RWE), Essen 
Largest electric supply company in the Federal 
Republic. Responsible for the 1SMW Kahl Bwr; 
has looked at proposals for two Magnox 
reactors from British companies and another 
proposal for a 240MW _ swkr, with nuclear 
superheat 


RHEINSTAHL—with AEG and the Stadwerke 
Diisseld:rf—formed a reactor building group 
to build MERLIN and DIDO type reactors at 
the Jiilich Nuclear Research Centre 


ROCA Srrnnana GmbH _ Diiren/Rheinl 
Tel. 


ot, _ Fe for CERN synchrocyclotron 


ROCHLING’SCHE' EISEN-u. STAHLWERKE 
GmbH, Vd6lklingen/Saar Tel. V6lklingen 35 11 
Hot rolled steel; castings; wire and wire 
products 


PAUL KAHLE ROHRLEITUNGSBAU GmbH 
Diisseldorf 


Tubing for German MERLIN and Kahl reactors 


RUHRSTAHL AG HEINRICHSHUTTE Hattin- 
gen/Ruhr Tel. 35 41 
Boilers and pressure vessels: shielding units: 
have supplied for FR2 reactor, Bonn synchro- 
cyclotron etc. 


SAMESREUTHER & Co. GmbH, Butzbach/ 
Hessen, Kaiserstr. 13 - 15 Tel. 40 11 
Boilers 


SANDSVIKSTAL GmbH Diisseldorf, Heerdter 
Landstrasse 229/33 Tel. 5 55 88/89 Sales 
Manager: Ingmar Wendschalg 
Special tubes; tubings, seamless, stainless: zir- 
conium and alloys semiproducts and finished 
parts 


AUG. SCHNAKENBERG & Co. GmbH Wup- 

+ Beyenberger Strasse 148/168 Tel. 

5 10 55 
Absorbers; air conditioning plants; chemical 
resistant coatings (with lead and PVC); fume 
hoods: gas separators; complete isotope labo- 
ratories; lead boxes; leading; shielded and 
glove boxes; transport flasks, coffins; tubings, 
nonmetallic, lead-lined steel pipe; waste 
storage. Have supplied to Jiilich 

SCHOELLER - BLEC oe Sta enee 

GmbH Diisseldorf Tel. 2 52 41/ 
Stainless and boron ‘steel, anne rods, tubes 
etc. 

SEITZ-WERKE GmbH Kreuznach (Rheinl.) Tel. 

70 O01 Export enquiries: Dr E. K. Reinhardt 
Decontamination plants; effluent plants; fluid 
filters 


SERO PUMPENFABRIK GmbH Meckesheim-A 
1 


bei Heidelberg Tel. 53 
Pumps 


SHIPPING COMPANIES 


HOWALDTSWERKE HAMBURG AG (HWH) 
Working with Siemens Schuckertwerke on PWR 
design study, government aided 

BLOHM & VOSS, Hamburg (B & V) 

In conjunction with the Deutsche Babcock & 
Wilcox, are interested in the development of 
a gas-cooled design, government aid to be 
ratified 

AG WESER,. Bremen (AGW) 

In co-operation with BBC/Krupp, interested 
in a design for HTGR pebble-bed reactor. 
Financial support under negotiation 

BREMEN VULCAN (BV) 

Preliminary work by MAN on an acre design 


SIEMENS & HALSKE AG Karlsruhe West, 
Rheinbriickenstr. 50 Tel. 89 51 
Nuclear and conventional instrumentation for 
FR2, Karlsruhe; Siemens-Argonaut-Reaktors at 
Munich and Karlsruhe; Siemens - Untersuch- 


90 





ungsreaktor sur 100. Air and water monitor- 
ing plants; chromatography apparatus; control 
rod drivers; dosimeters; fluid flow meters; flux 
meters; GM tubes; humidity controls; ionization 
chambers; complete isotope laboratories; non- 
destructive testing; pressure meters; pulse height 
analysers; radiation measuring instruments; re- 
actor simulators; recorders; electrical regulators; 
remote handling equipment; scintillation coun- 
ters; scintillation crystals; servomotors; tele- 
vision surveillance; temperature controls; 
thermocouples; special valves 


SIEMENS-SCHUCKERTWERKE AG Erlangen, 
Werner-von-Siemens-Str. 50 Tel. 811 Associate 
companies; Siemens & Halske AG, Siemens- 
Reiniger-Werke AG, Sigri-Kohlefabrikate GmbH, 
Siemens-Bauunion GmbH 
SAR 1 Garching, SAR 2 Karlsruhe. Accelerators; 
circulators; computors; power station § con- 
densers; control rods and drives; control sy- 
stems using radioisotopes; reactor diesel emer- 
gency power supplies; dosimeters; magnets; 
radiation sources for materials testing; nuclear 
design and construction; complete power re- 
actors; reactor design; reactor loading devices; 
electrical regulators; complete research reactors; 
semiconductors; servomotors; subcritical assem- 
blies; gas turbines; steam turbines; special 
welding apparatus. Have designed a multi- 
purpose reactor (see article this issue) 


SIGRI-KOHLEFABRIKATE GmbH Meitingen ii 
Augsberg Tel. 321 New company formed by Farb- 
werke Hoechst and Siemens-Plania Sales Manager 
Dr Fritz Jeitner 
Reactor grade graphite of all types and densi- 
ties; Supplied to BBC-Krupp, AEG, SSW, 
Kernreaktorbau, B & W _ etc. Reflector 
graphite supplied for pipo at Jiilich. Graphite 
for advanced gas-cooled reactors, impermeable, 
coated etc. Also development of silicon carbide, 
molybdenum silicide and ceramics 


Dr SLEVOGT & Co. Weilheim/Obb. Tel. 26 38 
Resonance spectrometers, electromagnets etc 


Dipl.-Ing. GEORG SPINNER Elektro-Physika- 
lische Geraite GmbH Miinchen 2, Erzgiessereistr. 
33 Tel. 5S 46 72/59 27 71/55 76 39 

Radio frequency apparatus; coaxial components 

for power lines; coaxial high frequency plugs 
STAHL-ARMATUREN SIEPMANN GmbH KG 
Belecke /M6hne 

Valves supplied to Trawsfynydd 


STAHL-UND ROHRENWERK  REISHOLTZ 
GmbH, Diisseldorf-Reisholtz Tel. Diisseldorf 7 
02 71 
Heat exchangers, containment, tubing, etc. for 
reactors 


STAHLWERKE SUDWESTFALEN AG Geiswed/ 
Sieg. Tel. Siegen 71 81 
Stainless and boron steel 


STEINHAUS GmbH Miilheim/Ruhr Postfach 779 
Special flooring 


L. & C. STEINMULLER GmbH, Rohrendampf- 

kessel-und Maschinenfabrik Gummersbach/Rhld. 

Tel. 28 51/58 
Heavy water cooler supplied for Halden, de- 
contamination system for Kernreaktorbau-u. 
Betriebs-Gesellschaft mbH, boiling and pres- 
surized water loop for Ispra. Decontamina- 
tion plants; heat exchangers; steam generators: 
steam separators; superheaters 


RICHARD H. STERN Frankfurt/Main Tel. 
27953 Agents for: Technical Measurement Corp. 
USA, Anton Electronic Laboratories USA, 
Isotopes Specialities Co. USA, Nuclear Corp. of 
America, Semi Elements Inc. USA 

Radiation detection and general instrumenta- 
tion. Isotopes and isotope equipment. Have 
supplied Jiilich 


STROHLEIN & Co., Fabrik Chemischer Appa- 
rate Diisseldorf, Aderstrasse 93 Tel. 1 00 25 
Air conditioning plants; air conditioning 
systems; centrifuges; removable coatings; 
effluent plants; fans, ventilators; fittings, 
flanges; fume hoods; hot cells; hot labora- 
tories, design and construction; irradiation 
channels; phys. chem. laboratory equipment; 
laboratory furniture; lead boxes; manipula- 
tors; radioisotope containers; radioisotopes, 
radiation protective storages; shielded and 
glove boxes; shielding materials, general, con- 
crete, lead; shielding windows 


STUDIENGESELLSCHAFT zur FORDERUNG 
der KERNERERGIEVERWERTUNG in SCHIFF- 
BAU und SCHIFFAHRT e. V.—the research 
organization for carrying out the development 
work of GKSS. Built the Forschungsreaktor 
Geeshacht Fro—full power 1960. Attached is the 
Institute of Reactor Physics 


STUDIENGESELLSCHAFT fiir KERNKRAFT- 
WERKE GmbH (SKW), Hannover 
(Study group for nuclear power plants formed 
by electric power companies in Hamburg, 
Hanover, Berlin and Dortmund) 
Co-operating with AEG on a 150MW swe 
design study and on a ISOMW aGr study by 
Deutsche Babcock and Wilcox 


SUDDEUTSCHE KABELWERKE ZWEIGNIE- 
DERLASSUNG DER VEREINIGTE DEUTSCHE 
METALLWERKE AG, Mannheim, Waldhofstr. 
244 Tel. 5 40 Sl 

Polythene and copper tubing 


SUNVIC REGLER GmbH, §Solingen-Ohligs, 
Hackhauserstr. 66a Tel. 1 42 25 Associate of 
AEI Instruments Div. Agent for Nuclear Equip- 
ment Ltd 
Radiation detection and general instrumenta- 
tion 





TECHNISCHEN HOCHSCHULE MUNCHEN 
Munich Technical High School—Laboratory of 
Applied Physics—are running the Garching 
reactors critical Oct. 1957 
Working with the Riso centre in Denmark 
on soft gamma spectra emitted after neutrn 
absorption and with Karlsruhe centre 


TELEFUNKEN GmbH, Ulm/Donau Tel. 6 19 °1 
Radiation detection equipment and general 
instrumentation; lead shielding 


ALFRED TEVES, Machinen-und Armature - 
fabrik KG _ Frankfurt/Main, Rebstécker §S 
41-53 Tel. 33 Ol 71 Chief Sales Executive: Heicz 
Kohler 
Air conditioning systems; cooling plants; re- 
mote control; remote handling equipmer ; 
special valves; heat exchanger supplied fr 
the secondary circuit of Argonaut-type reactur 


TOTAL-GERATEBAU GmbH Ladenburg/Man:- 
heim Tel. 29 01 
Radiation measuring instruments 


TUCHEL-KONTAK Heilbronn/ Neckar Tel. 8 
90 
Electrical regulators 


FRIEDRICH UHDE GmbH, Dortmund, Dex 
ginstr. 10 - 12 Tel. 20 71 
Equipment for chemical engineering, furnace 
et. 


Me epee ALUMINIUM-WERKE AG Bonr 
Tel. 3 17 41/46 
RB det and alloy reactor tanks, tube: 
and cladding 


VEREINIGTE BLEIWERKE GmbH & CO 
Stolberg Rheinl., Binsfeldhammer 40 Tel. 30 3 
Isotope equipment; shielding materials 


VEREINIGTE DEUTSCHE METALLWERKI 
AG, Hauptniederlassung, Heddernheimer Kupfer 
werk, Frankfurt/Main Tel. 52 00 21 . 
Specialist materials, e.g. boral, zirconium 
aluminium 


VEREINIGTE ECONOMISER- —_— GmbH 
Hilden, Eichenstr. 2 Tel. 27 21 27 
Heat exchangers; tubing, etc. 


VEREINIGTE KESSELWERKE AG Diisseldort, 

Werdener Str. 3 Tel. 7 42 61 
Heat exchanger for 15 MW reactor, con- 
struction of MERLIN reactors at Jiilich, steam 
generator for the BBC-Krupp high temperature 
reactor. Power station condensors; coolant gas 
purification plants; decontamination _ plants 
economizers; gas separators; heat exchangers: 
nondestructive testing; steam generators; steam 
separators; superheaters; tubings, non-metallic, 
NF, seamless, stainless; waste disposal; waste 
storage; reactor quality welding 


VEREINIGTE LEICHTMETALL - WERKE 
GmbH, Bonn am Nordbanhof Tel. 3 19 11 
Aluminium semi-products 


VEREINIGTE WERKE Dr RUDOLF ALBERTI 

& Co. Lohr/Main Tel. 573 - : 
Shielding units and materials; isotope equip- 
ment 


Dr VIRUS Kerntechnik GmbH Bonn, Rosen- 
burgweg 20 Tel. 2 49 24 Sales Manager: Dr D. 
Schulz 
Chromatography apparatus; ionization cham- 
bers; lead boxes; radiation protection, consul- 
tants; radioisotopes, consultants; radioisotope 
containers; radioisotopes, radiation protective 
storages; design and construction of shielding 
units. Specializes in the supply of isotope 
measurement equipment 


J. M. VOITH GmbH, Maschinenfabrik Heiden- 
heim / Brenz 
Air conditioning plants; circulators; cooling 
plants; hydraulic and mech. couplings; drives; 
fans, ventilators; fittings; gears; special valves 
WABAG Wasserreinigungsbau Kulmbach 
Cooling and effluent treatment plants 


WALBERSDORF SONDER MASCHINENBAU 

Siegen /Westf., Bahnhof Eintracht 1 Tel. 2 23 06 
Circulators; pumps, canned, diaphragm, liquid- 
metal, seal-less for high temperature applica- 
tions 


JOHANNES ERHARD H. WALDENMAIER 
ERBEN Siiddeutsche Armaturenfabrik Heiden- 
heim/Brenz, Meeboldstr. 22 Tel. 38 81/4 
Fittings; valves 


HERMANN WALDNER KG, Wangen im Alligau. 
Tel. 83 83 
Laboratory furniture 


WAYSS & FREYTAG KG Frankfurt/Main Neue 
Mainzer Strasse 59 Tel. 2 00 11 Associated with 
Karrena GmbH 

Shielding units and construction in concrete etc. 


K.-H. ae Messtechnik GmbH Erlangen 
Tel. 58 / 
Electrical , 


WILKE-SAUERBAU, Bonn (Rhein) Dransdorfer 
Weg 25. Tel. 3 73 47 
Linings for tanks, etc 


ZENTRALWERKSTATT GOTTINGEN GmbH 

GOttingen, Bunsenstrasse 10 Tel. 2 35 97/2 49 48 
GM _ tubes; hand and foot monitors; pulse 
height analysers; radiation measuring instru- 
ments; scalers, ratemeters; scintillation coun- 
ters; shielding units. Can also supply: air and 
water monitoring plants; coincidence-anticoinci- 
dence analysers; ionization chambers; pulse 
shapers; pulse transmitters; raidation monitor- 

ing plants 
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RESEARCH AND DEVELOPMENT 





This month’s items are devoted to 
work in the German Federal Republic 


Fuel element test facilities 


MUCH OF the work at the Deutsche 
Babcock-Werke on the advanced gas 
cooled reactor over the past two years 
has been concerned with fuel element 
development and design. The fuel 
element currently under examination 
has a cylindrical graphite sleeve with 
19 fuel rods of stainless steel containing 
UO, pellets. The sleeves are 31-5 in 
long, 4:1 in inner diameter and 5-1 in 
outer diameter. The rods which form a 
19-rod cluster have an operating surface 
temperature of 620°C. 

For neutron flux measurements, the 
laboratory uses a Battelle (Frankfurt) 
accelerator with a neutron yield of more 
than 5 x 10?° fast neutrons/sec combined 
with a graphite block of 3-9 ft sides (Fig. 
1). Fuel elements are arranged in 25 
channels using UO, enriched to 2%. 
An original type element is installed in 
the centre of the flux area while the 
remaining 24 are simplified by distribut- 
ing the enriched fuel in the form of 
UO, powder over all the channels. 
Measurements carried out include: 
intracell flux distribution between the 
rods and on local areas, thermal 
utilization, the effects of control rods 
near an element, fine flux distribution 
with partially inserted control rods, and 
the effect of removing fuel elements from 
an adjacent channel. Other physical 
pioblems investigated are: calibration 
of reactivity effect, the study of basic 
diffusion constants of graphite at 
different temperatures, measurements 
of thermal diffusion length in hetero- 
geneous media, and measurements on 
sub-critical reactor systems to establish 
accurate reactor calculation methods. 


Out-of-pile rigs 


For the thermodynamic performance 
of fuel elements, rigs have been installed 
that include low pressure and high 
pressure loops. Used mainly for pressure 
loss characteristics, the low pressure 
loop, because of the small gas mass 
flow of about 3 Ib/sec and the short 
lengths of pipe, reaches stable conditions 
in a relatively short time. For more 
detailed investigation is the high pressure 
loop that uses CO,, air or No, at 6 to 
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German AGR studies 


80 atmos., at a flow rate of 18-3 Ib/sec 
and attains a temperature of 400°C 
with a heat input of around 300 kW. 

Gas flow through the test section can 
be reverted and the wall temperature of 
all 19 rods is measured by sliding 
thermocouples that save time of regis- 
tration and adjustment. Thermocouple 
adjustment in the axial and radial 
directions is effected by means of two 
motors located within the pressure 
pipes so as to prevent leakage. The 
control motors receive impulses from a 
temperature recorder. The Demag one- 
stage centrifugal blower used has an 
oil gland that incorporates the bearings 
of the blower axle and takes charge of 
the sealing against a pressure of 
80 atmos. A secondary gas circuit 
installed between the oil gland and the 
primary circuit prevents oil contamina- 
tion and, at the same time, cools the 
casing. 

















5 MW reactor test loop | reactor support 
bridge 2reactor supporttower 3 reactor 
core 4reflector 5 test specimen 6 loop 
piping 7 heat exchanger 8 blower 9 sec- 
ondary containment. 10 loop support 
tower 11 loop support bridge (Fig. 2) 


Pulsed neutron generator and experimen- 
tal arrangement with graphite pile (Fig. 1) 


In-pile loop tests 

For testing coolants, moderator 
materials and fuel elements under 
reactor conditions, a gas rig is under 
construction (Fig. 2) that will be used in 
Hamburg’s 5 MW _ swimming pool 
reactor. The neutron flux at loop 
position is 2:7 x 10'* n/cm?sec, and due 
to this relatively low flux, a burn-out of 
only some 100MWd/t of UO,/month 
can be attained. Nevertheless, these 
tests will allow unsuitable designs to be 
eliminated since gas pressure, tempera- 
ture and flow are in accordance with 
the reactor conditions. 

In-pile test loop data 

coolant CO, or N, 

gas flow rate 0:2 kp/sec 

gas pressure 80 atmos (max.) 

heat in test section 25 kW (max.) 

heater capacity 10 kW (max.) 

heat removal in 

exchanger 


30 kW (max.) 





The test section (5), which consists of 
an austenitic stainless steel pressure 
tube contained in a zircaloy-2  pro- 
tective tube, is inserted into the reactor 
core (3) in such a way that three sides 
are surrounded by fuel elements and 
one side by the graphite reflector. 
Exchange of the element is carried out 
by unscrewing a plug from the upper 
part of the test section which also 
serves aS a thermocouple duct. The 
coolant is circulated by two Demag 
blowers (8) connected in series so that, 
in the event of a failure, the stand-by 
unit can take over immediately. 

The heat exchanger (7) is designed as 
a multiloop cooler and a heater is 
installed for the fine adjustment of the 
coolant temperature entering the test 
section. Automatic recorders measure 
continuously temperature, pressure and 
gas flow and these are connected to an 
alarm system, a control circuit and the 
reactor instrumentation so that auto- 
matic shut-down occurs in the event of a 
serious failure. * 280 
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German graphite production 


Reactor graphite of high purity and 
homogeneity is in production at the 
Griesheim plant of Sigri-Kohlefabrikate. 
Since carbon cannot be melted under 
normal pressure, shaped carbon bodies 
are formed by moulding or extrusion. 
These ‘ green’ bodies, containing coke 
grains enveloped by a suitable binder of 
high carbon content, are first carbonized 
to convert the binder to pure carbon, 
after which they are graphitized at a 
temperature of around 3000°C. During 
the graphitization, graphite crystallites 
in the coke form simultaneously with a 
reduction of the distance between the 
crystallographic layer planes. 

Almost all the elements which are 
found as impurities in graphite have 





TABLE | Calculated and measured (pile- 
oscillator) neutron cross-sections 
ASHES NEUTRON 
GRAPHITE BORON CROSS-SECTIONS 
nuclear (mbarn)* 
grade ppm ppm _ (a) (b) (c) 
SIGRI-AMT 22 0-02 3-80 3-86 3-61 


0-12 4-08 4-12 3-88 
0-12 445 448 4-15 


SIGRI-AMC 45 
SIGRI-ARS 200 





* for monoenergetic neutrons of 2200 m/sec 


(a) calculated from impurities (pores filled 
with nitrogen); (6) measured in air ; (c) with- 
out nitrogen filling. 


a neutron cross-section much higher 
than that of pure carbon. Nuclear 
grade graphite can be manufactured 
either by using very pure raw materials 
and avoiding contamination during 
fabrication; or by flushing the graphite 
at around 3000°C with halogens and 
sweeping out the impurities in the form 
of halogenides. By using the latter 
method over the past two years, Sigri 
have reduced the ash content to 10- 
20 ppm (99-999 °C) thus keeping neu- 
tron activation at the lowest level. 
(See Table 1.) 





high temperature applications 


Irradiation tests of German reactor 
grade graphites in the US, France and 
in Germany indicate that Sigri products 
are completely equivalent with respect 
to neutron irradiation to the best 
available grades elsewhere. 

The problem of making impermeable 
graphite, a material required for use 
with liquids and gases, was tackled 
soon after the war based on experience 
gained in the I. G. Farben plant at 
Bitterfeld and on developments in the 
Siemens-Plania laboratory at Ratibor. 
A resin-impregnated graphite *‘ Diabon ’ 
was therefore put into production that 
had its use in the chemical industry for 
coolers, heat exchangers, pumps, valves 
and linings. Because of the thermal 
decomposition of the resin impreg- 


nation, however, ‘ Diabon’ cannot be 
used above 160°C, Its main application 
in the nuclear field is for graphite 
reflectors under water, such as in the 
Argonaut-type reactors; or for con- 
tainers of the pneumatic feeding system 





Hydraulic extrud- 
ing press (above) 


Graphitizing 
furnaces 
































Checking alignment in a trial assembly 
of a graphite reflector 


for the irradiation section; or for pipe 
and pump material in water cooled and 
moderated reactors. | 

For use at high temperatures—in 
advanced gas cooled reactors, for can- 
ning materials, or for the fuel element 
pebbles of the BBC-Krupp Schulten 
reactor—impermeability had to be 
achieved by pure carbon. Two methods 
were examined: deposition of pyrolitic 
carbon by thermal decomposition of 
gaseous carbon compounds; and im- 
pregnation by a liquid carbon compound 
which is then thermally decomposed. 

For the cases of specially developed 
Sigri fine-grain materials, the most 
favourable conditions and materials 
for the impregnation are determined 
by the distribution function of the 
macropores measured by mercury- 
porosimetry. In the case of liquid 
impregnation, the temper and coking 
conditions are carefully selected and 
balanced. 

Impregnation through the gaseous 
phase results in impermeability mainly 
at the surface and the graphite so treated 
can easily be damaged mechanically. 
All shaped bodies so treated have to be 
outgassed at temperatures above 2000°C 
in order to avoid the reduction of 
impermeability under service conditions. 
The liquid impregnation process how- 
ever results in homogeneous sealing 
over the whole cross-section. Sigri who 
have been developing the liquid im- 
pregnation method find that final 
permeabilities of the order 10-5 cm? 
sec-! can be achieved for a variety of 
shapes, and they have produced spherical 
elements with a permeability of 10-® 
cm? sec! and graphite pipes with 
permeabilities of 10-7 cm? sec™!. 

Useful work has also been done to 
inhibit the oxidation of graphite in an 
oxygen containing atmosphere and 
techniques have been developed for 
applying silicone carbide and special 
silicide coatings. * 281 
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Heat Exchanger for 


The 90-ton steam heat exchanger for 
the |SMW Kahl reactor, designed by 
Gutchoffnungshiitte, is arranged ver- 
tically and is fitted over the reactor to 
allow vaporization, and condensation in 
the exchanger, to take place in normal 
circulation, trouble free. Steam, at 
1000 Ib/in?g and 286°C, enters the 
primary inlet and is carried to the outer 
side of the tubes to be condensed on 
their outer lateral surfaces, giving off 
heat. The tubes themselves are braced 
to prevent bending by three supporting 
plates that also act as baffles to increase 
the steam path in the converter. Heat 
transfer is increased when the steam, 
flowing as a cross-current on the tubes, 
clears away the condensation drops. 
To avoid the strong disturbances in 
condensation cause by oxyhydrogen 
gas (around 5 lb/h) formed during the 
gamma decomposition of water, the 
exchanger is designed to allow the gas 
to collect under the top tube plate and 
below the three supporting plates from 
where it is carried off laterally through 
drain nozzles fitted in the outer shell. 
For better degasification, additional 


pipes have been fitted, particularly on 
the lower pipe ends directly over the 
condensate surface, where an additional 
dra‘n nozzle has been fitted. 

The feed water enters at the level of 








The cupola of Garching’s reactor hall 


is formed from a 4 in thick concrete 
skin. Fitting suitable overhead lifting 
tackle raised interesting design 
problems 
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Kahl 


improved  degasification 


the first water separator and mixes with 
the water lying over the upper tube 
plate. The water passes through the 


second woter 
separator 


-— secondary 
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team chamber 
HOS Cae secondary 


— is feedwater 
rst wofte 


seporoator 


primary 


Grain nozzies steam :niet 


evaporator 
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The Kahl heat” exchanger is 40 ft high. 


In the secondary steam chamber, dia- 
meter 8-2 ft, at a pressure of 665Ib/in?a 
and 258°C, 105 [tons/h of steam is pro- 
duced. With a reduced load of 10% of 
rated load, the steam pressure rises 
to 968lb/in*-—primary pressure and tem- 
perature remaining constant 


Heavy water production 
gas liquefaction 


Drawing from 50 years’ experience in 
gas liquefaction, Linde have developed 
successfully for the large scale produc- 
tion of heavy water, a low temperature 
process based on the distillation of 
liquid hydrogen. The contract given 
by Farbwerke Hoechst specified an 
installation yielding heavy water of 
99-8°% atomic purity. Another unit 
using electrolytic hydrogen as the feed 
gas is under construction for India. 

The process developed uses, as feed 
gas, crude hydrogen from ammonia 
synthesis and it is progressively freed of 
condensable impurities, especially nitro- 
gen, during the preliminary cooling 
down stages. Three successive distilla- 
tion columns are used: first for the 
production of a 96%H 4%D mixture, 
then 10%H 90%D and finally deuterium 
at 99-8 %. 

Linde have also taken over the indus- 
trial production of helium liquefiers, 


gravity down-pipes and rises up through 
the evaporator pipes. The heat released 
through the condensation of the primary 
steam effects a partial vaporization and 
the resultant water vapour mixture 
passes into the upper steam chamber. 
Thus the first water separator contains 
a rough division of steam and water. 

This separated water re-mixes with 
the feed water and is led again through 
the down pipes to the vaporizing circuit. 
The vapour rises slowly to the second 
separator, where the steam is separated 
from any drops still remaining, and’ 
passes, with the residual moisture 
(about 0-1 °%) to the turbine. 

The shell is made of ferritic steel, 
with the primary side surface facing in 
high grade steel. The two tube plates 
into which the heat exchange pipes are 
rolled and welded are 7 in thick, with 
both sides protected with a chrome- 
nickel-steel weld deposit. The pipes are 
made from 0:07%C, 22%Cr, 5%Ni, 
1-5°%Mo and 0:06%Co steel to match 
the thermal expansion of the ferretic 
shell. . 

Assembly and fabrication were carried 
out in clean conditions, the inside of the 
shell was pickled and flushed out with 
Aquadest, and the pipes were cleaned 
out separately. Using distilled water, 
secondary side pressure tests were 
made up to 1710 1b/in?g, followed by 
primary side pressure tests up to 
188 Ib/in’g. Further measurements were 
taken for elongation on both the inside 
and the outside and under water. Other 
tests were made for deflexion and 
expansion. 

* 282 


one of which has been supplied to the 
Munich research centre. They supply 
other gases, particularly xenon for 
bubble chambers and are also concerned 
with low temperature techniques that 
combine adsorption and extraction for 
the continuous, or batch, removal of 
contaminants formed in reactor gas 
containers. In addition, tanks for the 
storage of liquid gases can be provided 
up to 16,500 gal. capacity. 

* 283 


Fuel-lift for Munich 
Garching’s novel crane 


The oval shaped dome of Garch- 
ing’s 1MW FRM reactor building, an 
ellipsoid of 98 ft diameter and 98 ft 
high, created a problem in design for 
suitable lifting tackle. Demag overcame 
the problem by fitting a monorail to 
attachments in the reinforced concrete 
wall to take a double-beam crane with a 
capacity of five tons. The bridge of the 
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crane hangs from the centre of the ceil- 
ing On a rotary tubular structure which 
is itself free to turn. 

The crane structure has a special 
travelling crab with a free run of nearly 
34 ft for speeds varying from 56 to 
443 ft/min, and a turning speed that 
can be varied between 26 and 108ft/min. 
Three lifting cables are provided, the 
two outer ones work together synchron- 
ously to lift five tons, the third can be 
operated independently to lift 2-5 tons. 
The crane is used for the insertion and 
removal of fuel elements, for moving 
the separation wall and for other 
services. 

* 284 


Welding fuel elements 


electron beam used 
Neat weld seams of high density and 
gas free are now possible. The new 
plant, the BW500, developed by Heraus 
and about to be supplied to Euratom, 
uses the principle of electron bombard- 
ment and a vacuum environment. The 
accelerating voltages of the electrons, 
between 50 and 100 kV, are sufficient 
to obtain deep penetration. Electron 
“guns” are also available for special 
applications requiring accelerating volt- 
ages up to 200 kV. As the welding energy 
is highly focused, high welding speeds 
are obtained that minimize structural 
changes in the heated metal. 

The plant operates under a vacuum 
of 10-* to 10-5 mm Hg, and the absence 
of flux metal additions and inert gas, 
ensures an uncontaminated welding 
seam. Operation is fully automatically 
controlled to give welds of uniform 
depth, width and external appearance 
in quantity production. 

Designed mainly for welding plugs 
on reactor fuel elements of reactive 
metals such as zircaloy-2, the vacuum 
chamber may be equipped with a mobile 
charging drum capable of carrying 
12 fuel elements in lengths up to 39-37 in. 
If required, the elements may te filled 
with inert gas in the same chamber and 
the plug opening closed by arc weld. 
Alternatively, the drum may be replaced 
by an installation for the blunt welding 
of sheets up to 15-75 in. 

Heraus introduced the technique for 
melting metals by electron bombard- 
ment in high vacuum in 1959, since 
when the range of installations available 
covers from 5 to 200 kW output (see 
Nuclear Power, Sept. 1960, p. 115). 
Other achievements made in their own 
laboratories include the development of 
vacuum arc melting furnaces giving high 
purity metals, metals with high melting 
points—molybdenum, titanium, zircon- 
ium, alloy steel, nickel and cobalt-base 
high temperature alloys and stainless 
steels. Furnaces are now available 
ranging from the L200, with a normal 
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ingot capacity of 44 Ib, to a special type 
for handling a 40 ton ingot. *& 285 


Reactor pressure vessels 


materials research 
As an alternative to the tendency 
towards thicker pressure vessel walls, 
Mannesmann are working on a multi- 
layer design. The wall is built up from 
thin shell rings; the individual shell 
portions, at suitable temperature differ- 
entials, are telescoped by means of a 
press, and thus shrink tightly together. 
As an alternative to zircaloy-2 for fuel 
rod canning, they are also designing 
very thin-walled tubes with thicknesses 
up to 0-1 mm, made of stainless 
austenitic steels. Tubes are being pro- 
duced with very close tolerances in the 
dimension of 13-6 0-2 mm. 

Other problems being investigated are 
hot and cold deformation of steels; the 
interdependence of microstructure, sur- 
face conditions, and corrosion resistance 
of stainless steel tubes; and the stress 
distribution of containers subjected to 
internal pressure—the latter tests being 
specifically related to the Kahl installa- 
tion. Studies are also being conducted on 
high-alloyed creep-resistant steels for 
use at high temperatures and high 
pressure. * 286 


Advanced reactor studies 


Zirconium hydride 
Under a long-term development pro- 
gramme, Interatom are studying an 
advanced reactor system of high power 
density that uses sodium as a coolant, 
uranium carbide as a fuel and zirconium 
hydride as moderator. There is reason 
to believe that such a compact and 
reliable reactor system, permitting high 
coolant temperatures, is feasible. For 
further improvement in the thermal 
efficiency of the system, and to avoid 
the design problems associated with the 
sodium-heated steam generator, it is 
planned to investigate the possibility of 
replacing the intermediate sodium cir- 
cuit by a turbine unit operating on a 
mercury steam cycle. * 287 


1 iSO RAALE REE Re er PPT C 


wert 


at 





ag 


In the Heraus electron beam welding 
plant the electron beam gun is bolted to 
the vacuum chamber (centre). The 
control desk in the rear carries all con- 
trols for the high voltage instruments 
and electron guns, the desk in the fore- 
ground contains the controls and gauges 
of the vacuum plant 


* 288 





Boiling water research 

rig facilities 
Nuclear development work of AEG is 
supported by a number of experimental 
facilities that include an Argonaut type 
reactor, the PR10, that reached criticality 
on Janury 27, a heat transfer rig, a test 
rig to study crud formation and deposi- 
tion, and another rig for performance 
checks on control rod drive mechanisms. 
For the study of steam-water separation, 
the test rig that has been in operation in 
Frankfurt is to be transferred to AEG’s 
own nuclear laboratory. The heat 
transfer rig—420kW d.c. at 70V and 
6000A—yielding a heat flux of the 
order of 400W/cm?, is to be used for 
special measurements on _ two-phase 
flow such as steam slip, pressure loss 
and burn-out. * 289 


































































KARLSRUHE’S 
CYCLOTRON. 
Ruhrstahl made this 
magnet for the AEG 
isochronous_cyclo- 
tron that is now 
operating at the 
Karlsruhe nuclear 
research centre. In 
this accelerator, in 
order to keep the 
revolution time of 
particles constant on 
every orbit, mag- 
netic induction has 
been increased to 
compensate the rela- 
tivistic increment of 
particle mass 
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MOB .E RADIATION LABORATORY Frieseke & Hoepfner’s 
VW-bus fitted with FH53 radiation monitor, type 49 scaler and 
raterscter, type 51 flow counter with windowless FH514 pro- 
portional counter, FH451 scintillation counter with ZI] well- 
type crystal, FH422 dust sampler and type 509 water evaporator. 
The standard vehicle, equipped as above, is well suited for the 
continuous measuring and recording of dosage rate of ambient 
radiation (with the car either in motion or stationary); discon- 
tinuous measurement of radioactivity level in air and water; and 
the discontinuous measurement of granulated and liquid radio- 
active samples. By using GM tubes as supplementary equipment, 
B and y radiation can be measured in places difficult of access 
or in heavily contaminated liquids within an area of up to 330ft 
around the car; or substances emitting a, 8 and y radiation can 
be localized. The compartment in the rear over the car’s motor 
is separated from the main compartment by a gas tight wall and 
it contains two miniature generating sets driven by a two-stroke 
aa engine. In addition there is a methane cylinder, a 20-litre water 
container and a roll of 160 ft mains cable. Mounted on the top 
of the car is an ion chamber 
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Building the FR2 


The main construction work for Karis- 
ruhe’s ISMWt heavy water research 
reactor, expected to go critical late this 
year, is being done by Dingler. The reac- 
tor vessel is a thin-wall circular cylinder 
shell of welded construction—124 ft dia, 
92 ft high—and it carries 177 tons from 
a circumferential craneway without per- 
pendicular bracing 
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Base plate forming the lower part of 
the biological shield before the concrete 
stage 





peor 


Inside the reactor vessel-showing the base carrying 
the central loop tube and the D:O inlet and outlet 
ports; and the experimental ports in the wall 


Pe oe 


The FR2 building nearing completion 


Siemens designed and constructed the control room and 
instrument panels 









Ne For further information on any item, circle 
the appropriate number on the reply card 
facing page 122. 
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Information obtained in the 13 
days after the SL-I accident 
indicated that the probable 
cause was a nuclear excursion 
resulting from motion 

the central control rod 


HE SL-I| reactor accident at the 

USAEC’s National Reactor Testing 
Station, Idaho, could have happened 
with no errors being committed by the 
three man crew though certain errors 
on the part of the operators can also be 
visualized as possible initiating events. 
This is one comment on the possible 
cause of the accident contained in a 
15 page interim report released by the 
Board of Investigation set up by the 
USAEC General Manager. 


Conditions prior to the incident 


The report says that when the accident 
‘ occurred, the shift supervisor, his 
Ooperator-mechanic assistant and an 
apprentice-trainee were on the top of 
the reactor, presumably engaged in the 
various manipulations involved in re- 
assembling the control-rod drive mech- 
anisms and connecting four of the 
control rods to their respective mech- 
anisms. 

For the reactor to achieve its intended 
purpose, it was necessary to load the 
core initially with sufficient excess fuel 
so that it could still be operative after 
three years use. To counterbalance the 
excess reactivity of this heavy fuel 
loading, poison material—boron— 
having a reactivity value of 11°., was 
also added to the core. It was intended 
that this poison would burn out at about 
the same rate as the excess fuel was 
consumed. Five cruciform-shaped con- 
trol rods—one central and four outer 
rods—were provided, having a reactivity 
value of about 14°%. Each blade of the 
control rod structure consisted of a 
sheet of cadmium, 7 in wide, 34 in long, 
and 0-06in thick, sandwiched between, 
but not bonded to, two plates of an 
aluminium envelope. The edges of the 
aluminium envelopes were welded but 
it was believed that the welding might 
not be impervious to water. Hence the 
top centre of the envelope was left un- 
welded to permit the escape of steam 
and thus forestall pressure buildup 
inside. The central shut-down margin 
was intended to be about 34%-4%. 
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Members of the US Army’s 


Chemistry Radiological 
contamination clothing, respond to an emergency call for entry into the SL-! 


Unit, in special 


Reactor Building 


anti- 






Interim report on SL-I accident ’ 


(Values are for ambient temperature, 
zero power condition.) According 
to the design, complete removal of 
three outer rods would not make the 
reactor critical. Removal of the central 
rod alone a distance of 19 in would 
make the reactor just critical; further, 
rapid removal above 19 in would 
cause a serious nuclear excursion. 
The motor drive for this rod was geared 
during operation to permit a maximum 
speed of 1:8 in/min to preclude rapid 
removal. 

Along one side, and sometimes on two 
sides, of each fuel element of 4 in? 
cross-section, a strip of Al-B—10(0-4 %)- 


Ni alloy was attached as_ burnable 
poison. As a result of the extrusion 
process of fabrication, there was a thin 
(1*5-2 mils) coating of aluminium on the 
Al-B—10-Ni alloy. The strip was spot 
welded to the side plates of the fuel 
element at approximately 3 in intervals. 
Some 40 full-length and 16 half-length 
strips accounted for 11% reactivity. 
These boron strips were more heavily 
loaded toward the centre of the core 
and in the bottom half of the core. 


Difficulties with boron strips 
Early in the reactor’s life it was noted 
that the boron strips were beginning to 





SUMMARY 


1. The explosion occurred in the SL-1 
reactor at approximately 9.00 pm on 
January 3, 1961, resulting in the 
death of three persons, in damage to 
the reactor and to the reactor room 
and in high radiation levels (approxi- 
mately 500-1000 r/h) still present 
within the reactor room. 

2. Two members of the crew were 
killed instantly by the explosion. 
The third died within about two 
hours as a result of an injury to the 
head. 

3. The SL-1 explosion involved a 
nuclear reaction. The thermal nvt 
above the reactor is currently esti- 
mated to have been approximately 
10‘°/cm*. 

4. Chemical and _ radioactivity 
measurements on a single fragment 
of reactor fuel ejected by the explo- 
sion, if representative of the total 
fuel, suggest that the reaction may 
have resulted in 1-5 x 10'® fissions. 
5. At the time of the explosion, the 
reactor crew appears to have been 
engaged in the reassembly of control 
rod mechanisms and housings on 
top of the reactor. The pressure 
generated within the reactor, which 
may have reached several hundred 
lb/in*?, was vented through a number 
of partially closed nozzles in the 
head of the reactor, blowing out 





OF 


FINDINGS 


shield plugs, portions of control rods 
and some fuel. 
6. The explosive blast was generally 
upward from the ports in the top of 
the reactor. Structural damage to 
the building, principaily due to 
objects projected from the nozzles, 
was slight. Damage to the core 
cannot be determined at this time. 
7. Some gaseous fission products, 
including radioactive iodine, escaped 
to the atmosphere outside the build- 
ing and were carried downward in a 
narrow plume. Particulate fission 
material was largely confined to the 
reactor building, with slight radio- 
activity in the immediate vicinity, 
8. At this time, it is not possible to 
identify completely or with certainty 
the causes of the incident. The most 
likely immediate cause of the explo- 
sion appears to have been a nuclear 
excursion resulting from motion of 
the central control rod. As yet there 
is not evidence to support any of 
several conceivable initiating mecha- 
nisms. 

9. It is known that a variety of con- 
ditions had developed in the reactor, 
some having their origin in the design 
of the reactor and others in the 
cumulative effects of reactor opera- 
tion, which may have contributed to 
the cause and extent of the incident. 
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Toe st-1 (originally known as the 
Argonne Low Power Reactor) was de- 


signed and test-operated by the 
Argonne National Laboratory. Pioneer 
Service and Engineering Co. was 
architect-engineer, and the construction 
was performed by Fegles Construction 


Co. The st-1 achieved criticality on 
August 11, 1958, with ten fuel ele- 
ments containing a total of 3-5 kilo- 
grams of U-235. There followed a 
series of critical experiments, per- 
formed in the reactor, to determine 
the fuel and burnable-poison loading 
necessary to insure 3-MWt capability 
at the end of three years of operation 
at 70% load factor. Those design 
objectives were met by using 40 fuel 
elements, 40 full-length and 16 half- 
length boron strips, and five control 
rods. Critical experiments were also 
performed on a full 59-element core 
that would have higher power 
capability. The differential and integral 
worths of banks of five and nine 
control rods were obtained as a func- 
tion of rod insertion into the core. 
Flux plots were made of the hot 40- 
and 59- element cores by irradiating 
gold and copper wires, respectively. 
On October 24, 1958, the st-l 
achieved its full-power output of 
electricity and space heat. 


Sequence of Events 


After slightly more than two years 
operation, the st-1 was shut down on 
December 23, 1960 for maintenance 
on certain components ; the only work 
planned for the reactor core was the 
insertion of 40 cobalt flux measuring 
assemblies into fuel element channels 
of one quadrant of the core. Access 
to the core through nozzles in the 
head of the reactor vessel required 
removal of the control rod drive 
assemblies. This portion of the work 
was begun during the early morning 
hours of January 3, 1961. When the 
day crew arrived at the si-l on 
January 3, disassembly had been com- 
pleted. Installation of the flux measur- 
ing assemblies was accomplished 
during the day shift. 

The crew of the next shift (4:00 
p.m. to midnight, January 3) consisted 
of three military personnel: a chief 
operator, and operator and a trainee. 
This crew and the following one were 
assigned the task of reassembling the 
control rod drives and preparing the 
reactor for startup. 

At approximately 9:00 p.m. on 
January 3, alarms indicating a possible 
fire at the st-1 sounded at the Central 
Facilities Fire Station, the AEC 





CASE HISTORY 


Security Station, and other fire stations 
within the National Reactor Testing 
Station. Upon approaching the st-1 
the fire and security personnel observed 
no indication of a fire or other 
damage. Upon entering the sr-l 
fenced area, the fire department per- 
sonnel were unable to arouse the 
SL-1 crew. The assistant fire depart- 
ment chief entered the reactor support 
building and immediately detected 
radiation levels up to 25 roentgens 
per hour (r/h). He could observe 
none of the si-1 crew in the reactor 
support building. A health physicist 
from the Materials Testing Reactor- 
Engineering Test Reactor facility 
arrived shortly after. He entered the 
reactor support building and observed 
increasing radiation levels as he pro- 
ceeded toward the reactor. He detected 
levels of 200 r/h at the stairway to 
the reactor and left to obtain further 
instructions. 


Entry into the reactor room was 
later effected and two of the crew 
were found on that floor near the 
reactor in radiation fields of approxi- 
mately 1000 r/h. One of these two 
crewmen was still living; the other, 
dead. Removal of the living man was 
accomplished by approximately 11:00 
p.m. Shortly thereafter, he was pro- 
nounced dead. 


On subsequent entry into the reactor 
room, the body of the third crewman 
was located in the ceiling structure 
directly over the reactor. Because of 
the high radiation levels, it was not 
possible to remove the. second crew- 
man until January 5, and the third 
crewman until January 9. 
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The Evidence . 
Indications that a nuclear excursion 


took place were provided by the 


following: (a) Identification of the 
yttrium-91 isotope, resulting from the 
decay of the fission product, strontium- 
91, in a metallic sample shaken out 
of the clothes of one of the deceased; 
(b) Analysis of the activation of copper 
(to Cu-64) in a cigarette lighter screw; 
(c) Analysis of the activation of copper 
in a watch band buckle; (d) Analysis 
of the activation of gold in a finger 
ring worn by one of the deceased; 
(e) Analysis of the cobalt-58 activity 
induced in a gasket from the top of 
the reactor; (f) Analysis of the 
chromium-51 activity induced in a 
gasket from the top of the reactor ; 
(g) Identification of gross fission pro- 
ducts in air samples taken one and 
two days after the incident; (h) 
Response of monitoring instruments 
at nearby sites to the passage of a 
radioactive cloud; (i) Observations of 
radioiodine contamination of sage 
brush; and (j) Observed blast effects 
on components and personnel. 


The Investigators 

The special Board of Investigation 
consisted of Mr Curtis A. Nelson as 
Chairman and of the following mem- 
bers: Dr Clifford Beck, Dr Peter A. 
Morris, Dr Donald I. Walker and Dr 
Forrest Western. The Board was 
directed to investigate, and report to 
the General Manager on the sti-l 
incident. The following persons served 
as consultants or advisers to the 
Board: Dr William Ergen, Mr E. B. 
Johnson, Dr Benjamin Lustman, Dr 
Warren Nyer, Mr. Howard K. Shapar 
and James H. Sterner, M.D. 
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Radiological safety crew 
members monitor a spot on 
the roadway leading to the 
SL-1 reactor complex, visible 
in the far background, for 
radioactivity 


Four radiological safety 
crew members (foreground) 
guiding the placement of a 
25 ft x 5 ft ‘net’ in pre- 
paration for the recovery of 
the last of the three victims 
of the January 3 accident. 
The reactor doors were 
breached and the net care- 
fully moved through the open 
doorway and placed _ into 
position for the subsequent 
recovery of the body when 
it was dislodged from the 
second floor ceiling of the 
reactor room 


< 


This interior photo- 
graph of the reac- 
tor was taken on 
January 5. It was 
taken from a point 
near the top of the 
main access stair- 
way looking along 
one side of the 
two reactor shield- 
ing blocks. The top 
of the reactor is 
on the other side 
of the blocks. 
Auxiliary equip- 
ment can be seen 
in the background, 
also an_ electric 
light still burning. 
The bell - shaped 
slender cylinders 
(centre) are con- 
trol rod shield plug 
bell housings essen- 
tially as they stood 
awaiting installa- 
tion before the 
accident. The 
ladder was knocked 
over in a_ post- 
accident effort 





The SL-1 is a direct cycle boiling water reactc 
of 3 MW gross heat capacity, with enriche 
uranium fuel clad in aluminium and moderate 
and cooled by light water in natural circulatior 
The reactor was operated as a prototype of 
facility that could be operated at remote site 
for three years without refuelling. It was de 
signed to produce 200 kW of electricity an 
400 kW of space heat 











This photograph shows the pressure-vessel head of the SL-1 still 
in place. On the floor (foreground) are cylindrical steel punchings 
with some gravel and boric oxide which formed the dry-mixture 
shield above the reactor head. Still in place is a 4] in bell housing 
which encloses the No. 5 control rod shield plug. In front of the 
bell, lying on its side, is a control-rod extension shaft still fitted 

within its shield plug v 
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bow \utward, away from the fuel plates, 
in t - sections between the attachment 
wel. points. This outward bowing 
inc ed steadily to a point where 


rem al of elements in the central 
regi. 1 of the core could be accomplished 
on|, with great difficulty. Concurrently, 


the  cactivity of the reactor began to 
incr.ase more rapidly than expected 
unti! in September, 1960, when a net 
gain of 2° over expected value had been 
observed. At this time three fuel 
elements were removed for inspection. 
Great force was needed to remove the 
elements and the boron strips remaining 
on the elements were damaged and 
shattered in the process. 


It was estimated at the time that 18% 
of the boron had been lost from the 
core. When the core was disturbed, 
clouds of white flocculent material 
streamed into the water from the boron 
strips. After the reactor core had been 
reassembled, it was estimated that the 
shutdown margin was then only about 
2° (the exact margin being uncertain.) 


The shutdown margin was increased 
by the addition of six cadmium strips, 
each welded between two aluminium 
plates, into the unused T-shaped control 
rod shroud tubes (bottom ends open) 
on opposite edges of the core. These 
were inserted into position in November, 
1960. The shutdown margin was in- 
creased by about 1 %, less than expected, 
and the total shutdown margin was then 
estimated to be 3%. Positions of control 
rods at the final shutdown on December 
23, 1960, indicated that just prior to 
shutdown, the margin had not changed. 


Difficulties with control rods 


From early operations onward, inter- 
mittent and increasing difficulty was 
encountered in the free movement of 
control rods. Over the first year of 
operations and possibly in large measure 
thereafter, the difficulty arose from the 
friction in the seals through which the 
drive rod shafts penetrated the rack and 
pinion gear housings on top of the 
reactor. It was frequently found that 
one or another of the rods would not 
fall freely when the magnetic clutch 
drive was disconnected in a scram or 
single rod drop test. Later the sticking 
problem became accentuated. 


Evidence suggests the control rod 
shrouds may have been compressed 
by the expanding boron strips so that 
rod movement within the shrouds was 
impeded. Over the last two months of 
operation, approximately 40 rod stick- 
ings were recorded in the Operations 
Log. During the last period of reactor 
operation, the rods were assisted man- 
ually in their withdrawal and on scram 
at shutdown, three rods had to be driven 
in by their motors. 
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The reactor was operated at 3 MWt 
up to November, 1960. At this time, to 
test a new condenser loop of higher 
capacity, approval was given to operate 
the reactor at 4-7 MWt. Over the period 
to December 23, the reactor was opera- 
ted for a dozen short runs at 4-7 MWt. 
The effects of this increased power level 
were an increase of about five degrees 
in operating water temperature, some 
increase in radiation levels and some 
increase in turbulence in the core. It 
was found the reactor could not be 
operated at this level with the usual 
control rod pattern (all rods equally 
out) without ‘ chugging’ instability. 
Hence, operation at 4°7 MWt was 
accomplished with the outer four rods 
almost fully withdrawn and the centre 
one in as far as necessary. This pattern 
achieved some flux-flattening, and was 
made necessary, at least in part, by the 
loss of boron from the central region. 


Reactor damage 

No ‘meaningful’ information is 
available as to whether or not the reactor 
vessel itself had been damaged (except 
for the top of the vessel.) Preliminary 
estimates have been made of an internal 
pressure as great as 500 lb/in?, from 
observed damage to the top of the 
reactor vessel and from calculation of 
energy needed to propel certain com- 
ponents to observed locations. The 
sheet-metal covering on top of the 
reactor head was bent upward—allow- 
ing dispersal of some of the gravel, steel 
punchings and pelletized boron shielding 
material. Shield plugs and other parts 
of the control drive mechanisms, which 
had been placed in the reactor nozzles, 
were blown upward by steam or water 
pressure. Control Rod No. 5 which 
had not been disassembled, appeared 
to be intact and in place. The racks on 
the top ends of two control rods exten- 
sions have been observed to be pro- 
truding from the nozzles for control 
rods Nos. 1 and 7—indicating that these 
two control rods may still be in the 
core. Another control rod extension has 
been observed to be lying across the 
top of the reactor though the location 
of the associated control rod is unknown. 
The location of the remaining control 
rod is also unknown. 


One estimate of the nuclear energy 
release places the total fissions during 
the excursion at 1°5 x 10'*—equivalent 
to 50 MW sec. It is believed that an 
energy release significantly less than this 
would not have produced the observed 
blast effects and that an energy release 
greater by a factor of 3 or 4 would have 
produced much more drastic effects. 


Possible causes 


The tasks assigned to the operators 
(reassembly of control rod drives) 





involved the lifting of the control blade 
a maximum of 4 in. Testimony indicated 
that the Chief Operator and the Opera- 
tor had performed this same task at 
least four times before the occasion in 
question and had been specifically 
trained for this job. Their training 
included the explicit instruction that 
under no conditions was the central 
control rod to be lifted more than 4 in. 
From the positions of the men after the 
incident and the injuries they suffered, 
* we are unable to rule out the possibility 
that one of them was engaged in lifting 
the central rod at the time of the blast. 
At this time, however, there is no direct 
evidence.’ 


From measurements made prior to 
the reactor shutdown on December 23, 
it would have been necessary to raise 
the central control rod a minimum of 
16 in at that time to produce criticality. 
On the basis of existing information on 
the reactivity worth of the central control. 
rod (prior to shutdown) and the results 
of BORAX and SPERT experiments, it is 
estimated that this rod would need to 
be withdrawn another 6 to 8 in at a 
rate of approximately 24 in/sec to 
produce a nuclear excursion of the 
magnitude estimated to have occurred. 
While these actions and conditions 
appear credible, they do not appear 
probable in the light of the preliminary 
evidence thus far available. 


Another set of circumstances ‘ in- 
volves the possibility that some changes 
occurred in the properties of the reactor 
between December 23 and January 3— 
changes which would minimize the 
capability of the control rod system to 
maintain the reactor shutdown. There 
is no evidence at present that any such 
changes took place. If loss of cadmium 
or loss of boron occurred during the 
shutdown period in question, the 
shutdown margin of reactivity would be 
reduced. With a reduced shutdown 
margin of reactivity, substantially less 
withdrawal of the central control rod 
would have produced criticality.’ 


The report adds that other conceivable 
initiating events, though at present their 
likelihood appeared low, included: 
(a) a water-metal, hydrogen explosion, 
or other chemical reaction which would 
drive out the central rod or several of 
the rods from below or by a general 
pressure increase. (b) addition of water 
to a core which had become dry and 
otherwise changed. 


‘It should be emphasized that the 
foregoing discussion is limited to 
possibilities and is not intended to 
imply any degree of probability. It 
appears now that the most likely immed- 
iate cause involved some movement of 
the central control rod’, the report 
States. 
























The development of complex laboratory equipment 


is necessary for a successful irradiation programme 


Irradiation techniques 


for fissile materials—3 


by O. S. PLAIL, A.M.1.Mech.E., Group Leader, Irradiation Branch, 
Metallurgy Division, AERE, Harwell 


FN poveree PREVIOUS ARTICLES in this series have traced 
the development of in-pile rigs for fissile irradiations, 
little reference has so far been made to the techniques used 
for the containment of fissile materials, heater development, 
temperature measurement, instrumentation, rig safety, out-of- 
pile testing, and laboratory simulation work. All of these are 
important aspects of an irradiation programme of the type 
under discussion; they are necessarily intimately connected 
but it is convenient to discuss them individually, and the 
first two are discussed in this article. 


DEVELOPMENT OF CANNING TECHNIQUE 

The basic canning technique for the irradiation of small 
fissile specimens (i.e. double stainless steel cans, molten 
sodium for heat transfer, a zirconium barrier to prevent 
alloying of the specimen with the can) had already been 
worked out for the early Windscale experiments; it was 
therefore reasonable that the first cans used in DIDO should 
be almost identical to those of the earlier work. Figure 1 
illustrates this, showing the sodium filled inner can shrink- 


heaters. gas gop. water. sodium, A 


fitted into the outer one which is, in turn, fitted tightly into 
the zirconium former carrying the furnace. Outside this 
furnace was the gas gap thermal barrier described in the 
previous article. This arrangement had serious disadvantages, 
Firstly additional thermal barriers could exist due to the 
variations in fitting the can components together. Secondly, 
the can dimensions limited the size and number of specimens 
that could be accommodated. Thirdly the furnace construc- 
tion and assembly was difficult. A completely new can design 
was therefore produced (Fig. 2). The size was increased 
considerably although double canning was retained; this 
allowed several specimens to be grouped together in the 
same can in the central zirconium crucible. To cover the 
experimental temperature range, i.e. 200-800°C, a series of 
cans of various diameters was needed so that the gas gaps 
which fixed the can temperature could be selected. 

To reduce neutron losses, the wall thickness of the cans 
was reduced to a minimum; the inner can was 0-020 in thick 
and the outer can 0-010 in. Although this involved machining 
difficulties, these were considered outweighed by the advant- 


-~ thermocouple pockets 








Capsules used for early Dido irradiation ; 
these are almost identical to those used in 
the earlier Windscale work. (Fig. 1) 
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First immersion heater capsule Dido (Fig. 2) 


ages in reduction of enrichment, etc. The possibility of inner 
can failure due to internal pressure was guarded against by 
careful control of the quantity of sodium, the provision of 
adequate expansion space for the molten metal and the 
introduction of helium at reduced pressure so that at the 
operational temperature the internal pressure would approxi- 
mately balance that applied externally by the rig atmosphere; 
thus the canning system was virtually stressless. 

A novel feature of this capsule design was the provision of 
an immersion heater in place of the earlier furnace; this, with 
the thermocouples, entered the capsule assembly from the 
bottom end cap. The welding in of these thermocouples and 
the heater was very difficult and quite early on in the use of 
this design, sodium leaks occurred at the bottom of the inner 
can. At least one such leak was traced to a faulty weld and 
in an attempt to prevent further failures the already tight 
inspection procedure was made even more stringent by the 
introduction of a long term life test on the completed sodium 
filled capsule. At the same time the design of the capsule was 
modified so that the heater and thermocouples entered via 
the top end cap thus reducing the total number of welds and 
the number in contact with molten sodium. This however 
increased the probability of hot spot formation in the heater 
in the expansion void above the sodium, and to overcome 
this a heater with thick ends was designed. 

Although the preliminary work had shown that gas gaps 
could be used effectively little was known in detail regarding 
their behaviour and therefore parallel to these canning 
developments a systematic investigation was carried out to 
study their characteristics. Laboratory experiments were 
performed to determine such things as dimensional stability, 
effects of varying quantities of gaseous impurities, heat 
losses using gases other than helium, end losses, convection 
effects etc. Typical results are shown in Fig. 3 compared with 
theoretical predictions based on published data. The results 
show that in many cases, end losses are fairly high—-up to 
20°%—but rather surprisingly gaps of the order of 0.010 in 
are stable and distortion of the cans does not appear to 
seriously affect results. As would be expected from theoretical 
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predictions convection effects are small below gap dimen- 
sions of 0.050-0.060 in. To take advantage of this the gap is 
divided into two small parts, one being located between the 
water jacket and the outer can, which is operated at a tem- 
perature above the melting point of sodium. This allows the 
molten metal to reach the leak detectors in case of inner can 
failure. The outer can is thus used as a sodium catchpot, and 
unlike the Windscale outer can does not provide secondary 
containment of fission products, these being retained by 
the rig envelope. 

To improve further the canning procedure, the need for a 
variety of cans of differing diameters has been eliminated by 
introducing an aluminium sleeve between standard sizes of 
inner and outer cans. By altering the thickness of this sleeve 
the gas gap may be varied and the thermal constants of the 
system altered readily at any stage during capsule assembly. 
Also, by rearranging the various components, the thermo- 
couple pocket can be positioned in the middle of the samples, 
thus considerably increasing the reliability of temperature 
measurement. These improvements are illustrated in Fig. 4 
which shows the latest type of capsule assembly used for 
experiments in DIDO. For experiments in PLUTO, using larger 
specimens, operating at’ considerably higher heat outputs 
the canning arrangements are similar although the disposition 
of the thermocouples and heaters different. 


HEATER DEVELOPMENT 


Heater development has posed some of the most serious 
problems associated with all types of irradiation experiments. 
Although at the moment it would appear that for the fissile 
work at least, the troubles have been solved, this has taken 
several years of concentrated effort. For a heater to work 
well in-pile there are several general requirements. It must be 
mechanically robust, be reliable for long periods, have 
adequate heat output to maintain temperature during reactor 
shutdown conditions if required, and it should not suffer 
from irradiation effects. In addition, the heater ends should 
be designed so that strong and reliable connections between 
heater and power cables can be made. 

For the earlier DIDO experiments the heater illustrated in 
Fig. 1 was used. It consisted of a zirconium former with 
ceramic inserts carrying heater windings of 80/20 Ni/Cr alloy. 
Both laboratory tests and in-pile experience showed this to 
be most reliable and capable of at least twice its design rating 
at high temperatures. However as well as limiting the can 
size that could be accommodated, this heater was expensive 
to produce and, because the zirconium had to be hafnium 
free to avoid serious neutron losses, supply difficulties were 
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experienced. In addition due to the large thermal capacity 
its response to temperature changes was slow. The design 
was therefore abandoned although a modified form is 
currently being investigated. 

As stated above, an immersion heater was used with the 
new capsule design and its introduction was a big advance. 
It has the advantage of low cost, compact design and, when 
used in a high heat transfer medium such as molten sodium, 
the ability to dissipate very high heat outputs. In-pile experi- 
ence has shown that excellent temperature control is possible 
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Latest immersion heater capsule for Dido (Fig. 4) 


with these immersion heaters and under steady reactor 
conditions +0-5°C is normally achieved. It is worth noting 
that considerable attention is being paid to this type of 
heater in the USA. 

When the design of the new can was produced, no suitable 
immersion heater was available commercially aad in design- 
ing one the following additional points had to be satisfied. 
Firstly it was considered desirable to limit the heater element 
to 1000°C. This is a very conservative figure for heater 
element materials. Secondly the heaters had to fit into the 
inner can without imposing serious limitations on the avail- 
able space for the specimens. Thirdly they had to be resistant 
to sodium attack and finally capable of being sealed into 
the capsule. 

Various designs including fabricated tubular heaters were 
considered but the choice rested on stainless steel clad 
mineral insulated (MgO) cable whose core was 80/20 Ni/Cr. 
Figure 5 illustrates the cross section of this cable together 
with typical coils. Conservative data for the thermal con- 
ductivity of MgO was used when designing the cable so that 
should cracking or sintering take place, the core tempera- 
ture limit of 1000°C would not be exceeded. It now appears 
that the thermal gradients in the MgO are considerably less 
than at first anticipated. 

Tests on the first batch of cable showed it to be robust and 
capable of high heat transfer rates; 60 W/in. (twice that 
required) was achieved. Subsequent tests at 800°C have given 
rates approximately double this value without burn-out. 
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Sealing into the capsule was tackled by welding to tie 
heaters small ferrules which were then edge welded into t! e 
end caps (see Fig. 5). However, both gas and argon-ac 
welding failed to give satisfactory joints, and failure of o:e 
of these welds caused a sodium leak leading to the capsu e 
re-design and the introduction of top entry heaters. 

The new heater designed to avoid hot spot formatic) 
above the sodium with ends of larger cross-section than tl > 
actual coil is shown sectioned in Fig. 5. Introduction cf 
these also eased the problem of end connections. Of th: 
several manufacturing methods considered for these heaters 
rotary swaging from large diameter cable seemed likely t» 
yield results. Early swaging attempts led to cracking and 
uneven reduction of both the sheath and core but carefu! 
attention to inter-pass annealing and die design overcame 
these troubles and it is now a standard method of produc 
tion. Fabrication using either welded or brazed ends wa; 
investigated. Welding reintroduced some of the weaknesse 
that the heater was designed to eliminate and suitable sodium 
resistant brazes were not then available. 

As an interim measure during these developments modifi- 
cations to the ferruled heaters were introduced (see Fig. 5) 
It will be seen that a long ferrule which reached into the 
molten sodium was used to suppress hot spot formation by 
providing a greater heat transfer path. 

During the course of this development work an interesting 
electrical phenomenon was noted. It was found that MgO 
used in the cable gave very poor electrical resistance at 
moderately high temperatures (500-600°C) resulting in the 
failure of several heaters during laboratory testing. From 
published data it would not be expected that the electrical 


one side sectioned 
to show core and 
insutant 

\ 


__._— Stainiess steel sheath 


_-—- magnesia insulant 


__— heater elernent 





SECTION OF HEATER CABLE 


long ferrule. 


ferrule .— . 
st 
weld ; 
¥ 
4 





4 


ww : 
1kW thw 3 kw 
SWAGED HEATERS 





“PF RRULED HEATERS 


Various types of immersion heaters for capsule irradiation 
(Fig. 5) 


resistance of MgO would drop seriously until much higher 
temperatures were reached (~1000°C). This phenomenon, 
which is temperature-voltage dependent, has also been 
observed by others, is unpredictable and variable from 
batch to batch of apparently similar material. Although 
grades of MgO are available which do not suffer from this 
effect, the mechanism is not yet clearly understood. 
Resulting from this development a swaging process has 
been worked out which coupled with good quality MgO 
insulation, is capable of providing reliable heaters for in-pile 
use. In addition it should be possible with sodium resistant 
brazes now available to fabricate heaters of almost any shape 
and size for these irradiation experiments. 
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LOWER PROFITS FOR GEC Provi- 
sion’! results for the first eight months 
trading and estimated figures for the 
remainder of the current financial year 
indicate that the profit for the year will be 
somewhat lower than last year, says the 
GEC. This is mainly due to reduced 
trading in the Radio and Domestic Equip- 
ment Groups. Trading in other groups has 
been maintained. Changes have been made 
in the company’s administrative structure 
and further steps to strengthen the manage- 
ment are planned. (See People, this issue.) 

To avoid major disturbances in produc- 
tion and trading, these changes will take 
place progressively, says the GEC. Time 
and concentrated effort are required to 
make them effective and it is expected that 
benefit will begin to appear in the coming 
year. 


BETATRON FOR HEAD WRIGHT- 
SON Pantak Ltd have received an order 
for an 18 MeV Siemens Betatron from 
Head Wrightson (Teesdale) Ltd. This 
mobile particle accelerator will operate in 
the heavy fabrication shop at Thornaby-on- 
Tees and will examine welds on the 4 in 
thick walled heat exchangers for the 
Dungeness nuclear power station. Pantak 
say the unit will require less radiation safe- 
guards than those which must be adopted 
for other particle accelerators and high 
power sources. 


NEW UK COMPANY A new company 

Shawford Control Gear Ltd—has been 
formed to import into the UK from Italy, 
the CEMA range of heavy duty control 
units, solenoids, micro-switches and other 
products. First supplies have been available 
since February and additions to the range 
are to be introduced. The firm is situated 
in Willesden, London, NW10. 


AEA DEVELOPMENT CONTRACT 
A development contract worth more than 
£20,000 has been placed with Cawkell 
Research and Electronics, a subsidiary of 
Simms Motor and Electronics Corporation, 
by the UKAEA. Under this, Cawkell will 
undertake investigation of new and more 
accurate methods of recording waveforms 
than previously obtained with oscilloscopes 
supplied for the ZETA project. 


UNITED POWER COMPANY It has 
now been officially confirmed that the GEC/ 
Simon Carves Atomic Energy Co. Ltd and 
Atomic Power Constructions Ltd will have 
equal representation in the United Power 
Company. Nuclear Civil Constructors as 
well as Crompton Parkinson Ltd, (see Feb- 
tuary, p. 53). will not be taking part. The 
UPC will tender for Oldbury nuclear power 
station. 


MILES ELECTRONICS ORDER Miles 


Electronics Ltd, who supplied a MARC 
special purpose computer for the Society for 


NUCLEAR POWER March 1961 


the Promotion of Nuclear Research of North 
Rhine-Westphalia, have now supplied 
additional d.c. amplifiers and associated 
equipment so that the special purpose com- 
puter will be self-contained. 


e English Electric has been awarded the 
contract for the design and manufacture 
of the main propulsion steam turbines and 
condensers for Britain’s second nuclear 
submarine. 


e Furzehill Laboratories Ltd of Watford 
have taken over the production, sales and 
service of the range of stroboscopes 
previously manufactured by Watford Instru- 
ments under the trade name Strobolyser. 


e General Radiological Ltd have moved to 
County Building, Honeypot Lane, Stan- 
more, Middlesex. 


e Taylor Controls Ltd have set up regional 
offices in Manchester and Birmingham 
capable of offering full sales engineering 
facilities to meet the company’s expanding 
volume of business. 


e H & E Lintott Ltd of Horsham has 
changed its name to Lintott Engineering 
Ltd. 


e Continental Distributors Ltd are UK 
agents for Alderson Research Laboratories, 
Long Island, New York, who manufacture 
a range of radiological test phantoms. 


OVERSEAS 


VITRO-PECHINEY AGREEMENT 
Vitro Corporation of America has purchased 
all the minority interest in its chemical sub- 
sidiary Vitro Chemical Company—held by 
Pechiney of France. In addition to purchas- 
ing all stock and notes held by Pechiney, 
Vitro has entered into a new royalty agree- 
ment which will run until December 31, 


1974. This gives Vitro exclusive US and 
Canadian rights to all present and future 
Pechiney process and product patents 
involving rare earth chemicals, metals, 
alloys and related compounds. It also 
produces for a mutual exchange of know- 
how in the field between Vitro and Pechiney 
during the same period. Such products as 
thorium, scandium, yttrium, hafnium and 
zirconium compounds are also included. 


NEW EUROPEAN COMPANY A new 
French company to produce zirconium 
sponge and ingots, Société Industrielle du 
Zirconium, has been formed by three 
German, Italian and French’ groups. 
Each holds equal shares in the company. 
The German shareholders are Degussa 
and Metallgesellschaft AG, the Italian, 
the Montecatini group, while Pechiney is 
the leading French shareholder. The com- 
pany, whose offices are at 195 faubourg 
Saint-Honoré, Paris 8, will also undertake 
research into the applications of zirconium 
sponge, especially in the field of nuclear 
reactors and chemical products. 


FRENCH CAPITAL FOR SENA Elec- 
tricité de France, by a decree published in 
the French Official Gazette, is empowered 
to contribute two million new francs to the 
capital of Société d’Energie Nucléaire 
Franco-Belge des Ardennes (SENA). This 
joint stock company, formed by EDF and 
the Belgian company Centre et Sud, is to 
build a 242 Pwr on the Franco-Belgian 
border at Chooz. The contract for this is 
expected to be finalized with Westinghouse 
soon. 


e Radiation Materials Incorporated has 
been formed by two New York firms, 
Radiation Applications Incorporated and 
Loral Electronics Corporation, to look into 
and develop the market for irradiated 
insulation products. 


e Isotope Specialities Co. of Burbank has 
been acquired by US Nuclear Corporation 
from Nuclear Corporation of America. The 
sale was on a cash basis. 


e Texas Instruments Incorporated of the 
US and International Telephone and Tele- 
graph Corporation have agreed to exchange 
non-exclusive patent licenses and technical 
information on semi-conductor components. 





SOLARTRON FACTORY. An artist’s impression of the present offices, instrument 

servicing, training sections (left foreground) of the new premises of Solartron 

Laboratory Instruments Ltd at Chessington, Surrey. At right is the social centre 
and canteen 
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New Product Survey 


EQUIPMENT - INSTRUMENTS : MATERIALS 





This month’s feature is devoted to a round-up 
of recent equipment from West Germany 


REMOTE VIEWING 


Used by the CEA and at Wiirzburg 
University’s 35 MeV betatron, Grundig’s 
Tele-Eye system consists of a pick-up 
camera. a modulator unit and a control 
panel. The camera is fitted to take a 
variety of lenses and a special tripod with 
fitted pan head allows the remote control 
of horizontal and/or vertical movements; 
the maximum cable length is 550 yd. A 
miniature pick-up camera is also available, 
2°/32in in dia. and 5**/,,in in length 
(without lens), that can be used in areas of 
limited space such as pipes. 

Hensoldt have a range of periscopes for 
either areas of low level activity or for use 
in hot cells. The simpler version, with a 
length about 29 in, has an optical field of 
60° and an angle of vision of 110°, by use 
of an adjustable mirror. Other equipment 
with one or more elbows can be supplied 
with a diameter of 6in and a length of 
about 33 ft. Optical elements that are 
subjected to radiation are made of cerium 
oxide stabilized glass to reduced discolora- 
tion. 
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NUCLEONIC EQUIQMENT 


For over ten years Frieseke & Hoepfner 
have developed and produced both nucleo- 
nic apparatus and installations for the 
continuous measurement of weight and 
thickness, coatings, strip materials, liquid 
densities and for quality control. In the very 
large range of scalers, ratemeters, detectors 
and monitors currently available is the self- 
contained FHK3/485A counter designed to 
simultaneously count impulses from a 
connected radiation detector and measure 
time—both of which can be preselected. 
Another new ratemeter, FHK3/518, shows 
the impulse rate as a measured value, it is 
fed to a built-in potentiometric recorder to 
produce a trace. Time changes are thereby 
shown in the impulse rate. Impulse analyser 
FHS07, a linear amplifier with a single 
channel discriminator for X- and gamma- 
ray spectrometry, has an input resistance of 
6 4kohm and an input capacity of about 
30pF. Channel height is continuously 
adjustable from 2-52V, the channel width 
likewise, in two ranges 0/5 and 0/S5OV, i.e. 
over the whole spectrum. Using the 
FHS16 automatic sample changer, con- 
nected to two 90 scalers, 902 control units 
and two printing timers, 30 samples can be 
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measured either for alpha and beta sepa- 
rately or for alpha-beta and gamma. 

A wide range of radiation equipment is 
also produced by Berthold. Among the 
latest counters is the TOL/C dose rate- 
meter that uses a plastic counter tube for 
measuring X-, beta- and gamma-rays 
between the range 0 and 100mr/h, and the 
thin-walled G.M. counter, BZ120A, de- 
signed for air and water monitoring. The 
standard type hand and foot monitor has 
now been improved by becoming fully 
transistorized. Also for the continuous 
control of air and water contamination is 
radiation monitor MON/C that, coupled 
with G.M. counters or scintillation coun- 
ters, has seven different ranges between 5 
and 500c/s; with the time constant adjusta- 
able in five steps: 10, 60, 120, 300 and 600 
sec. 

A differential amplifier version of a 
reactor period meter is being marketed by 
Kirem for Hartmann and Braun that has a 
null point drift of 0-5°% per week. In the 
built-in indicator type, power is held 
constant electronically. Among the various 
firms making pocket dosimeters is Physika- 
lisch-Technische whose latest model is an 
acoustical warning type. 
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ANALYSIS 


Having supplied for over ten years 
laboratory instruments of American design, 
Virus are now developing their own lines 
and current equipment includes a pH meter, 
the Pehamult, that is capable of measure- 
ments from 0-14pH without switching, 
and mV measurements from 0 to-+ 1400 


Hand and foot 
monitor— 
Berthold 








Count rate meter X500—Graetz 


mV. It uses a two-step direct voltage ampli 
fier with strong counter coupling. Their 
Gasofract 300, a universal instrument for 
the analysis of gases and liquids, operates 
over the range 25-300°C and permits the 
plots of both curves of registered values 
and their integrals to be made in one 
operation. 

In the field of mass spectrometers, 
Atlas-Werke have modified their medium 
sized instrument, the M86 and the rede- 
signed gas inlet system and ion source now 
gives greater versatility. Pressure vessels 
and other systems can be tested with full 
sensitivity with a pressure inferior to 
510-3 mmHg. Leak detection is also 
possible if only a forepump and no diffusion 
pump is available. The latest instrument, 
the PSH65, is an electrical quadrupolar 
instrument with a working range of from 
M=12 to M=65 and a resolution mass 
difference of M=1. Suitable for tempera- 
tures up to 300°C it is particularly suited 
for partial pressure measurements in high 
and ultra-high vacuum systems. 





Gasofract 300—Virus 





Reactor period meter, VEP—Kirem 
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An interesting new series of measuring 
instr. nents from Gossen are the Pantam 
meas “ing relays and regulators for the 
autoratic control of temperature, pressure, 
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Fe asseniblies for basic physics experiments. 
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' VACUUM PLANT 
a Well known for their position in the 
Ey vacuum plant field, and recently associated 
i with Elliotts in the UK, E. Leybold’s 
# Nachfolger have among their latest equip- 
i 3 ment a compact gas ballast pump D25 that 
ir % gives a displacement of 1°5 gal at atmos- A range of hermetically sealed pumps 
1 z pheric pressure and 5 x 10-*mmHg ultimate available from KSB eliminate shaft seals 
S is pressure with gas ballast. For use on and incorporate the pump and motor in 
€ equipment where a pressure of about one compact unit. The LUV series is 
10°*mmHg is adequate, is the DO-30 suitable for high pressure hot water 
e air-cooled oil diffusion pump with dimen- systems; the LUS series is intended for 
sions: height 10-23in, largest radius liquids where corrosion resistance is vital. 
;. (including fan) 6-7 in. New in gas ioni- * 212 Piston pump—Walbersdorf 
n zation gauges are type III with a measuring 
_ range extending from 10-*mmHg_ to 
N several times 10-?mmHg, and type IV ! N B R I E F 
s a where the amplification factor of the 
il ; measuring amplifier and the emission 
D current of the ne tube can be e@ Radiation sources. Mainly for use in medi- The D1 fast digital printer that prints out 
0 regulated separately. An interesting develop- cine, Radium-Chemie can supply a variety of decimal numbers on a paper strip, has been 
7 ment is the Farvitron partial pressure sealed sources: strontium-90 in sealed plates designed by Kienzle for connexion to elec- 
q indicator designed to establish the causes for surface irradiation or in larger Plates for tronic counters and allied equipment. 
r of pressure variations in a high vacuum ophthalmic use; cobalt-60, _ radium and * 216 
‘ caesium-137 in the form of cylinders, needles 
n system. A spectrum of the gases present in and plaques; tantalum-182 in wire form and e Diesel engines. Out of a wide range of air- 
S the system is constantly projected on the iridium-192 and thulium-170. cooled and water-cooled auxiliary power units, 
4 screen of the oscillograph tube. * 213 Motoren-Werke Mannheim have supplied the 
* 2116 Remote handling. Latest in tongs from _fWlowingvaratonsofthetype RHSS18, water 
] Buchler is the detachable head and ball- 








PUMPS AND VALVES 


For circulating relatively small volumes of 
coolant at high pressure, Walbersdorf have 
developed a three-cylinder piston pump 
with valve housing and cylinder connected 
only by means of bow-shaped pipes. 
Cooling jackets keep the circulating 
liquid to 20-30° above ambient, and thus 
prevent deterioration of seals and mecha- 
nisms by excess temperature. Another 
advantage is that low temperature packing 
materials can be used. By building the 
safety valve into the valve housing extra 
piping has been eliminated. One design is 
for an output pressure of 130 atm and an 
input pressure of 50 atm with an hourly 
throughput of 1122 gal at the mean tem- 
perature of 230°C. Another pump, under 


construction, will provide a pressure of, 


500 atm. 

Hofer are also in the field of pumps for 
gases and liquids. They have three ranges 
of equipment for hot gases, all single or 
double acting: 2845, 4622 and 14,223 Ib/in? 
with capacities of from 5-5 gal/h up to 
6380 gal/h. A variety of fine adjustment 
valves in stainless steel are also available. 
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joint type, that has an arm thickness of about 
4 in and a length of over 28 in. They are also 
supplying curved lead screens supported on 
round base plates—lead thickness 2 in, width 
24 in—with a floor coverage of 51 in by 74 in. 
The screen weighs 441 lb and the floor slab 
485 lb. Another firm supplying lead shield 
blocks, a variety of handling equipment and 
adaptable glove boxes, is Hans Walischmiller. 
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e Shielding materials. The production pro- 
gramme of Frank & Schulte for heavy con- 
crete shield constituents includes a granulated 
iron ore with a specific weight of 4-7-4-9, 
known as Magnetit beton. It has been used so 
far in the three German reactors: FR2, FRF 
and BER. Another material from, Anti- 
tron, makes concrete with densities ranging 
from 2-2 to 5-5. Two basic types are available: 
Antitron-R with a high proportion of ele- 
ments with high atomic weights, for use with 
X- and gamma-rays up to 0-7MeV and over 
10MeV, and Antitron-J for use in the range 
0-7 to 10MeV. Designers of lead bricks and 
fuel element transport flasks, Bleiwerk G. 
Rohr can now provide rolled lead and lead 
sheets in widths up to 10 ft. and in unit weights 
up to 15432 lb. 
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e Computer accessories. Fernsteurergerate, 
who are in the automatic process control field, 
have introduced an analogue/digital con- 
verter for flow and quantitative measurements. 


centres: a smaller 58 hp version giving 
40 kVA/kW and two 320 hp models of 250 
kVA output. 
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e Neutron absorbers. With a melting point of 
2450°C compared with cadmium’s 321°C, 
and only 40° of its weight, Tetrabor made by 
Elektroschmelzwerk Kempten is useful in such 
applications as marine reactors and movable 
screens. Consisting of 77-79% boron and 
21-23 % carbon, it can be supplied in grains; can 
be sintered into structural parts; is mixable with 
cement and can be bonded with aluminium 
and silicone rubber. Another control rod 
material—europium oxide, supplied by Gold- 
schmidt, has a melting point of 2050°C. 
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e Gas filters. With an efficiency of almost 
100°%, for dust particles coming within the criti- 
cal range of 1 to 0°1 micrometre, Delbag have 
arange of dry-layer air filter packs varying 
in size from 9} in X 9}in to 2 ft x 2 ft, the 
equivalent air volume being 75 ft*/min to 
1200 ft?/min respectively. The filtering medium 
consists of very fine thermoplastic filaments. 
For the extraction of radioactive wastes, Seitz. 
Werke have developed an almost fully auto- 
matic filter. 
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For further information on any item, circle 
the appropriate number on the reply card 
facing page 122. 
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A TICKLISH problem not foreseen when 


the European Company for the Chemical 
Processing of Irradiated Fuels—Euro- 
chemic, in short—was set up by 12 
OEEC countries has now arisen. This 
concerns the method by which com- 
panies in some countries are taking part 
in the project. I am told the pattern is as 
follows:—a number of interested com- 
panies set up a separate company; this 
entity buys one share in Eurochemic 
from its government; the holding of this 
share entitles the company to participate 
in the project; the information it receives 
is passed on to the parent companies. 
This procedure is being repeated with 
sufficient frequency to cause con- 
cern in OEEC circles though exactly 
what can be done about it is difficult to 
see. 

Of the 430 shares in Eurochemic, most 
are held by governments and semi- 
public bodies and only 20% by private 
undertakings. These shares can be trans- 
ferred with the agreement of the General 
Assembly though I understand the 
General Assembly has little power to 
stop such a transfer. 


IT WAS interesting to see in writing what 


one had heard in conversation about 
the difficulties with the pressure vessel 
for EpF—1. Some details of the way the 
crack in the pressure vessel was tackled 
were given by M. André Hannothiaux, 
general inspector, Electricité de France, 
at the annual conference of the Atomic 
Industrial Forum. * Everything was going 
according to schedule until February 13, 
1959,” he said. * Up to that time, half of 
the vessel had been welded into place. 
That Friday, it was being cooled in 
order to make an X-ray examination of 
a weld when a crack 30 feet long suddenly 
appeared alongside a horizontal weld. 

* Construction of the vessel was imme- 
diately halted to see whether or not the 
crack could be repaired, or if it would 
be better to start the vessel all over again. 
We studied at length information which 
had been gathered in the meantime 
concerning difficulties which had hap- 
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pened elsewhere for similar vessels, 
fabricated with steel of the same grade. 
(A team visited the UK). 

‘After six months study, it was 
finally decided to dismantle the vessel, 
stress relieve anew the plates and weld 
them again together according to a new 
and more elaborate procedure and under 
closer control. At present, we feel that 
we have mastered these difficulties but 
we are now more than 18 months behind 
schedule.’ 


AFTER MUCH shuttling between London 


and Johannesburg and talks behind the 
scenes lasting many months, new agree- 
ments on uranium have been signed 
between the South African Atomic 
Energy Board, the USAEC and the 
UKAFBEA. This provides for a ‘ stretch- 
out’ of uranium deliveries, similar to 
that granted to the Canadians, and a 
fixed price for the metal supplied by 
South African producers. 

One of the difficulties that faced the 
negotiators was the value to South Africa 
of its uranium export earnings. These 
totalled roughly £50 million a year and 
at a time when that country’s foreign 
exchange reserves were falling, assumed 
greater importance. The new arrange- 
ment helps the country over this hurdle 
by lessening the impact on foreign 
earnings through the stretch-out ; it 
also prepares the industry for the open 
market conditions that are expected in 
the next decade by rationalizing the South 
African uranium industry through the 
enforced transfer of production from 
high cost to low cost producers. 


SOME HINT of the way the bid for the 


Chooz 242 MW pwr (SENA project) 
was selected has now come to light. A 
letter of intent was sent to Westinghouse- 
Framatome-ACEC in July last year 
awarding them the contract after bids by 
Indatom-Babcock & Wilcox and 


Alsthom-General Electric (Bwr) had 
been considered. The Indatom bid was 
considered attractive but too expensive 
while the GE bid was considered practi- 


oe 


cally equivalent to that by Westinghouse. 
The deciding factor was apparently tt at 
within Euratom, a BwR was being bu It 
(SENN) and an omer (by AKS of 
Germany) was being studied and co:- 
sequently it was worthwhile expe: i- 
menting with another type of reactc~. 
Bids were also evaluated on the amou +t 
of material to be made in Europe. 

Incidentally, I hear that all has n«t 
been running too smoothly for ths 
Franco-Belgian project. The problem «f 
Belgian finance—once thought to be 
formality—has still to be solved. Appz 
rently the Congo crisis and the resultin; 
internal difficulties have made it difficu 
to find Belgian capital for this Europea 
underground reactor. 


FELT I had to bring to your noticc 
the following announcement published 
in the newsletter of the American 
Nuclear Society: 


THE URRUTIA-BALL NUCLEAR CORP. 
pioudly announces the criticality 
of Margery Lynn Urrutia 
our Model *G2U 
The First 


‘Organic Gas and Pressurized Water 


Cooled Reactor ’ 


Date 9 November 1960 
Time 18;00 
Site Mary Immaculate Hospital 


*G—Its a girl; 2—Our second; U—Urru- 


tia design. 


REACTOR DATA 


Power Output 10-*° MW 

Fuel 100% enriched lactose 

Cladding Naturally enclosed 

Weight 8 Ibs 3 ozs 

Coolant Comb. Org. Gas and 
Pressurized Water 

Noise level 500 decibels 


Construction period Record time of 8 


mos. 3 wks 


On Record 





‘Power from atomic stations is in the 
news. Too little is being produced to 
satisfy the public. An enquiry results ina 
reorganization and some large scale plans 
for new stations are modified.’ 


Old Moore’s Almanac, 1961. Forecast 
for March. 


‘One of the most exciting developments 
in the fuel business in my opinion is the 
** coated particle”’ process . . . Irradiation 
of graphite matrix containing UO, coated 
with Al,O3 and with pyrolytic graphite 
has been carried out at quite high tempera- 
tures without any evidence of fission 
product release. If these data are con- 
firmed, the possibilities for this type of 
element are almost unlimited.’ 

Dr Frank K. Pittman, Director, AEC 
Division of Reactor Development, before 
the Atomic Industrial Forum annual 
conference. 
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... TRANSDUCER 
INSTRUMENTATION 


For high grade instrumentation and 
control 
ULTRA AMPLIFIER AT840 offers: 

* Reliability 

« Stability 

- Accuracy 

- Versatility 












Designed to U.K.A.E.A. Specification 
for reactor temperature safety 
systems, this high stability 
MAGNETIC AMPLIFIER instrument 

is suitable for any control system 
using D.C. signal input from 
transducers. 


MAGNETIC AMPLIFIER RELIABILITY 





Amplifier type AT840 












Please send for brocnure 


: RM eeANe ouctrRa ELEcTRONICS LIMITED 






WESTERN AVENUE - LONDON - WS: Telephone ACOrn 3434 
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———— STUDENTS” NOTEBOOK ——— 








BACKGROUND—Computers 


How are digital computers program- 
med to solve reactor problems ? 


Excepting the devices for getting informa- 
tion in and out of the machine, a digital 
computer may be regarded as having two 
main parts: a means for holding informa- 
tion (the store), and the electronic switch- 
ing arrangements for operating on data 
held in the store. An essential feature of 
modern machines is that the setting of 
these switches is controlled by information 
also held in the store. In addition to the 
data, therefore, one must supply a series of 
instructions (sometimes called * orders ’) 
specifying the operations to be performed. 
This series of orders is usually referred to 
as a‘ program’. 

Computers do not (yet) understand 
English, so that the instructions must be 
in a coded form. The type of code varies 
from one computer to another, but all have 
instructions consisting of one or more 
‘addresses’ giving the location of the 
numbers to be operated on, together with 
a ‘function code’ which indicates the 
operation to be performed. Thus in a 
numerical type code, the instruction | 2 01 
might mean * Add the number in location | 
to that in location 2’, with similar forms 
for subtraction, multiplication and so on. 
To be really useful, a digital computer 
must be able to change its path of calcula- 
tion to suit the circumstances. This is 
achieved by a type of instruction usually 
referred to as a ‘conditional jump’. For 
example 20 | 60 might mean ‘If the 
number in location 1 is positive, carry 
straight on, but if it is negative, jump out of 
this sequence and obey the instruction in 
location 20 next,’ thus initiating a different 
calculation sequence. 

The more recent computers also have 
automatic coding schemes which allow 
instructions to be written in a form much 
more like mathematical equations ; for 
instance x,=}',+ 2,, which is self-explana- 
tory. The jump order mentioned above 
might be written —20, x, <0. 

To show how such orders may be used, 
we will consider the calculation of a Bessel 
Function. Combinations of these arise very 
frequently in the solution of flux distribu- 
tion problems and in lattice calculations. 
When doing these on a digital computer, it 
is usually quicker to calculate a Bessel 
Function each time it is required than it is 
to interpolate in a table of values held in 
the store. The I, function is given to n 
terms by 
Io(x) =@o+Q; X*+a@ex*+ 2. 2. 1 +anx™ 
We will rewrite this as 


i=n 
Ip (x) =04+ X aj x*! 
i=o 


and keep in mind that x%*?= x7! x x?, 
Our program might then look something 
like 

y,=0 [Clear location y,]} 

i=0 [Set index for first term] 


ye=1 [This is x! for i=0] 

ls {Form x? in location y3] 

1) yy=y, +4) x ¥2 [Add a; x* to location y,] 

[Form x**? in location 
yo] 

i=i+]1 [Advance i] 

[Repeat from the instruc- 

tion labelled 1) until 

i >n.] 

The sum of the series will be found in 

location y;. 


Similar processes may be used to build 
up a program for the most complex or 
tedious calculation. Indeed, such things as 
the use of Monte Carlo methods for the 
accurate calculation of resonance escape 
probabilities, or the determination of flux 
distributions in awkward geometries by 
relaxation techniques, are only possible 
because of the high speeds attainable with 
recent computers. (Each might involve 
several man-centuries of hand calculation.) 
For other problems e.g. lattice calculations 
or thermodynamic cycles, extreme speed is 
not quite so necessary, but even a relatively 
slow digital computer can now do 0:5 to 
1 man-years of work in an hour. 


BOOKLIST—Computers 


The literature on digital and analogue com- 
puters, and their techniques, is now very 
extensive. The following list excludes books 
concerned mainly with aspects of engineer- 
ing and electronic circuitry, while works on 
numerical analysis that have no specific 
reference to automatic machinery are also 
omitted. Almost all the titles can be read 
by anyone with a pass degree. 


Faster than Thought. B. V. Bowden. Pitman. 
1953. Reviews the development of digital 
computers and includes an elementary 
account of machine logic and program- 
ming and a survey of machines working in 
the UK up to 1952. 


The following books deal mainly with 
the logical design of digital machines and 
carry enough information on circuitry and 
hardware to demonstrate the working of 
the various processes. Most of them con- 
tain chapters on number representation 
and programming techniques. 


Automatic Digital Computation. M. V. 
Wilkes. Methuen. 1956. 


Digital Computer Principles. W. C. Irwin. 
Van Nostrand. 1960. 

Digital Computer Fundamentals. T. C. 
Bartee. McGraw-Hill. 1960. 

The books below which are concerned 

mainly with the principles and techniques 
of programming, also contain information 
on numerical analysis. 
Preparation of Programs for an Electronic 
Digital Computer. M. V. Wilkes, D. J. 
Wheeler and S. Gill. Addison Wesley, 2nd 
edition, 1957. The first edition was the first 
book in the field and influenced most of the 
program work developed since. 


Digital Computations. J. Jeenal. McGra\ -- 
Hill. 1959. A very detailed study of pr>- 
gramming techniques covering the use 
large scale equipment, at times usil 
advanced mathematical methods. 


wes 


Introduction to Automatic Digital Con: - 
puters. R. P. Livesley. C.U.P. 1957. A ve 
short and readable survey. 


High speed Computing. S. A. Hollingdal-. 
E.U.P. 1959. 


Annual Review in Automatic Programmin; , 
vol. 1. Edited by R. Goodman. Pergamo: . 
1960. A wide review of automatic progran.- 
ming methods in general, and for sever:! 
particular machines. 

Automatic Digital Calculators. A. D. and 
K. H. V. Booth. Blackie. 2nd edition, 195¢ 
Numerical Methods for High Spee: 
Computers. G. N. Lance. Iliffe. 196( 


Mathematical methods for Digital Com 
puters. A. Ralston and H. S. Wilf. Wiley 
1960. 


Digital Computers and Nuclear Reactor 
Calculations. W. S. Sangren. Wiley. 1960. 
This is a self-contained work on program- 
ming and numerical methods‘that goes into 
detail on the important computational 
problems of reactor design. 

Analogue and Digital Computers. Edited by 
A. C. Haley and W. E. Scott. Newnes. 
1960. 


Analogue Computation. A. §S. Jackson. 
McGraw-Hill. 1960. A very detailed and 
extensive survey of analogue machines, 
methods and applications, with a distinctly 
mathematical flavour. 


NEWS 


Change in technical education A major 
reorganization of the system of courses for 
technicians, craftsmen and operatives in 
technical colleges is proposed in the recent 
white paper * Better opportunities in tech- 
nical education’ (Cmnd 1254, HMSO). 
Preliminary courses in evening institutes 
are to be discontinued and school leavers 
will immediately start at technical colleges. 
Courses are to be broadened and made 
more varied, so that they relate more closely 
to the needs of industry. 

e At the Borough Polytechnic, Mr J. F. 
Douglas has succeeded Mr G. L. H. Bird 
as the Head of the Department of Mechan- 
ical Engineering. 


UK COURSES 


Imperial College, London—Department of 
Chemical Engineering. Reactor fuel ele- 
ment technology. Ten lectures on Thursdays 
from May 4-18. Introduced by Mr L. 
Rotherham, CEGB, and concluded by 
Mr L. Grainger, Assistant Director, AERE, 
Harwell. Fee: £5 5s. 

Royal Institution of Great Britain, London 
Friday evening discourses, 9 p.m.—March 
10, Energy, by Ronald King. 

Harwell Reactor School Radiation protec- 
tion course, no. 4, April 18—July 18. Senior 
Technical Executives course, no. 12, May 8- 
19. 

Northampton College, London Develop- 
ments in modern boiler plant. March 7 and 
14, 6.30 p.m. Short course on Nuclear 
power plant design. May 1-12. 
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Down in the valley, the town needs more power. The 
time’s come to bring in a power line from the Grid. That 
means pylons, right across these fields, and on down into 
the valley. 

There are perhaps a hundred paths the pylons could 
follow. One must be chosen. Not plotted arbitrarily 
across a map, but thoughtfully, carefully sited, so that 
pylons and cable strike the best possible balance with the 
landscape. 

The Central Electricity Generating Board are just as 
concerned about this as they are about bringing in the 
power. For the nation has charged the Board with a 
double duty. Not only to maintain an efficient, economical 
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TAKE THE PYLONS ? 


electricity supply, but also to preserve the amenities of 
the country as they go. 

That’s why the new line will be planned so that it 

follows the dark background of a wood here; skirts a 
village there; crosses skylines in the most inconspicuous 
way to be found; and eventually reaches the town through 
its industrial suburbs. 
These advertisements are appearing in the farming and country 
magazines. The Central Electricity Generating Board thank electrical 
contractors for their co-operation in the past, and know that they will 
do all they can to preserve the amenities of the countryside. 


THE CENTRAL ELECTRICITY GENERATING BOARD 





People 


by John Radford 


THE NEW chairman of the US Atomic 
Energy Commission is to be Nobel Prize 
winner, Glenn Theodore Seaborg, 48, 
chancellor of the University of California 
at Berkeley. A leading nuclear scientist, 
Dr Seaborg was a co-discoverer of plu- 
tonium and it was for his pioneering work 
in the discoveries of several elements 
heavier than uranium that he shared the 
1951 Nobel Prize in chemistry with Dr 
Edwin McMillan, also of the University of 
California. From 1946-1950, Dr Seaborg 
served on the AEC’s General Advisory 
Committee and since 1947, he has been on 
the Committee of Standards and Units of 
Radioactivity of the (US) National Research 
Council. 

Dr Seaborg takes the place of Mr John A. 
McCone who took office in July 1958. 
Though his term as chairman was not due 
to expire until June 1963, Mr McCone 
early this year tendered his resignation, 
effective on January 20, the date when the 
Kennedy administration took over in the 
USA. During his period of office, Mr 
McCone, a forceful administrator, was 
responsible for good working relations 
between the AEC and the Joint Congres- 
sional Committee on Atomic Energy and 


also for the 10 year civilian power reactor 
development programme aimed at develop- 
ing competitive nuclear power by 1968. 


The chief executives of the United Power 
Company, the company in which GEC- 
Simon Carves and Atomic Power Construc- 
tions have equal representation (see World- 
view, February, p 53) are: Mr A. L. G. 
Lindley, chairman; Lord Coleraine, deputy 
chairman; Col. G. W. Raby, managing 
director; Messrs H. Clarke, J. Mayer, 
R. N. Millar, O. J. Philipson, C. C. Vinson, 
directors ; Dr H. K. Cameron and Mr J. W. 
Ashley, joint technical directors and Mr 
W. Adams, secretary. 


Sir Alexander Fleck, former chairman 
of Imperial Chemical Industries Ltd, 
received the only full peerage conferred in 
the New Year Honours List. Other awards 
included: Knights Bachelor: Mr Cecil 
Dannatt, vice-chairman, Associated Elec- 
trical Industries Ltd; Knights Grand Cross: 
Sir Ellis Hunter, chairman and managing 
director, Dorman Long & Co; CBE: 
Edward F. Newley, Dep. Director, AWRE, 
Aldermaston; Arthur A. Rubbra, technical 
director, Rolls-Royce Ltd; James B. Scott, 


sales director, Crompton Parkinson L: 1; 
Arthur J. Young, managing direct: r, 
English Electric Valve Company Lt; 
OBE: Wilfred R. Harvey, manager, mari.1e 
department, Babcock & Wilcox Lti; 
George D. Ireland, chief engineer, Win i- 
scale and Ca'der works, AEA; Wilfred :;. 
Adams, Senior Executive Officer, Minist -y 
of Power; Walter James Neal, chief fire 
officer, AERE, Harwell; Edward il. 
Ramage, director, Sir Robert McAlpine & 
Sons (S. Wales); William L. Roe, Chi:f 
Metallurgist, Aiton & Co., Derby, ard 
Cyril Sanders, Senior Experimental Office 
AERE, Harwell. 


, 


New appointments to the Board of the 
General Electric Company were announced 
recently and are to be followed by other 
appointments to strengthen the manage- 
ment. Mr T. B. C. Kerr is now deputy 
managing director; he was made director 
for Finance and Administration in 1959 
The GEC also announced that Mr E. H. 
Davison has been appointed as Financial 
Director. He became Treasurer of Cour- 
taulds Ltd in 1957 and that company’s 
board has agreed to release him from his 
position so that he can take up his duties 
with the GEC on March 1, 1961. Both Mr 
Kerr and Mr Davison are members of a 
GEC Management Committee headed by 
Mr Arnold Lindley, chairman of the com- 
pany. Other members are Mr O. W. 
Humphreys and Mr R. N. Millar. 





Points from 


Papers 


reports, meetings, conferences 





RADIATION ACCIDENTS 


Information about accidents in the atomic 
industry, not previously published, is now 
being received by a US non-government 
organization and is further disseminated in 
lists subject to continuing revision. (See 
also: Nuclear Power, October, 1960, 
pp. 77-80.) The two lists below, currently 
available, are taken to the end of 1960. 
The Partial List includes fires and explo- 
sions, as well as direct exposure to radiation 
or releases of radioactive gases to the atmo- 
sphere. The second list brings the total 
number of accidents connected with reactor 
operation up to forty. 

The report on the Vinca investigation 
that re-enacted the events of 1958 is par- 
ticularly useful in that it is a co-operative 
effort based on the work of experts from 
the CEA, Saclay; scientific staff from the 
Boris Kidric Institute, Yugoslavia; and 
scientists from Oak Ridge and the UKAEA. 
It shows how exposure studies can be made 
with the use of phantom bodies, and it 
outlines the latest methods used in dosi- 
metry, for the calculation of neutron and 
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gamma leakage, and for the evaluation of 
individual doses. 

Partial list of accidents involving radiation. 
L. Goodman. Jan. 1961. 10 pp. 


A few atomic reactor accidents. L. Goodman. 
Dec. 1960. Both available from Mr Goodman, 
Atomic Energy Technical Committee, IUD- 
AFL-CIO, Washington 6, DC. 

Dosimetric investigation of the radiation 
accident, Vinca, Yugoslavia. G. S. Hurst et ai. 
Report TO/HS/22. 69 pp. _ International 
Atomic Energy Agency. Available from 
Nuclear Power. 


IMPROVED PWR PERFORMANCE 


In the sscr, spectral shift control reactor, 
reactivity control would be accomplished 
by varying the concentration of a 
D,O-H,O mixture. Changing the react- 
ivity in this way offsets the long-term 
effects of burnout and isotope build up. 
Based on current technology and designed 
for immediate construction, analysis of a 
central station concept demonstrates 
reduced capital investment, reduced fuel 
costs, and conservation of fuel reserves 
through higher conversion. 


Economics of spectral shift control. R. W. 
Deuster and Z. Levene, Babcock and Wilcox, 
(US). Bulletin AER-69. 5 pp. ASME Winter 
annual meeting 1960. Available from ASME 
or Nuclear Power. 


FUEL ELEMENTS FOR HALLAM 
Following a detailed development, fabrica- 
tion and testing programme, the fuel ele- 
ment for the first core loading in the sodium 
nuclear power facility at Hallam is to 
consist of a cluster of stainless steel clad 
sodium bonded U 10 wt % Mo fuel rods. 
Casting was shown to be a feasible fabrica- 
tion method and liquid pouring proved the 
only practical method of handling sodium 
to bond the fuel rods. Assembly problems 
were resolved by use of full-scale fuel ele- 
ment mock-ups, and final destructive tests 
of components indicated complete feas- 
ability. 

Uranium alloy fuel element fabrication develop- 
ment for HNPF Core I. S. M. Cobb. Atomics 
International. Report NAA-SR-5291. 49 pp. 


Available from OTS $1.25 or depository 
library. 


New Reports 





Irradiation experiments with aqueous suspen- 
sions of plutonium dioxide. B. R. Harder and 
R. G. Sowden, AERE Harwell. Report AERE 
R3537. 20 pp. Available from HMSO 3s 6d 


A report on the Zenith exponential experiments. 
I. R. Cameron, G. H. Kinchin and J. E. 
Sanders. AEE Winfrith. Report AEEW R36. 
43 pp. Available from HMSO 7s 
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ATOMIC ENERGY GROUP 
| Seventy miles from Tokyo, at Tokai-Mura, the British @ 
; Japan Ltd. is building Japan's first full-scale earthquake-prol 
station to designs produced by The General Electric C 


’ Limited of England and Simon-Carves Ltd. When completed in 1 





represent a triumph for nuclear engineering. On the opp 













at Hunterston, G.E.C. and Simon-Carves are building one of th rid’s lar 
nuclear power stations to provide power for the South of Scoll ¢ Electriclt 
The combination of G.E.C. and Simon-Carves Limited makes availabh odigious 
resources for atomic power development. As one of the larg 2 electrical ant 





mechanical engineering Companies in. the world, G.E.C. itself emplogiimpver 70,000 © 





; people. Simon-Carves Limited is one of the leading British spel ists in lar 
8 steam-raising plant, coal cleaning and carbonising plant, and in cal and 
/ civil engineering. The Group is able to design, build and 

i stations anywhere in the world, to suit local conditions. 
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Diary 





1-2 MARCH 
Symposium on User experience of large scale 
industrial vacuum plant, London. Details, 
Institution of Mechanical Engineers, 1 
Birdcage Walk, London, SW1 


MARCH 

Oxidation in aqueous solution F. S. Dain- 
ton. Meeting, Chemical Society and 
Bristol Student Chemical Society, Depart- 
ment of Chemistry, The University, 
Bristol, 5.15 pm 

Titrations in non-aqueous solvents, E. 
Minshall. Meeting, Chemical Society, Royal 
Institute of Chemistry and Society of 
Chemical Industry, Technical College, 
Brunswick Road, Gloucester, 6.30 pm 


N 


7 MARCH 

Papers on Fluidisation from AWRE, 
Harwell. Institution of Chemical Engineers 
meeting, Burlington House, London, W1, 
4pm 

Maintenance of heat exchangers, H. B. 
Merriman. Meeting, Institution of Plant 
Engineers, at Royal Society of Arts, John 
Adam Street, London, WC2, 7 pm 


9 MARCH 

Design application and selection of auto- 

matic control valves. Liverpool branch 

a Society of Instrument Technology, 
pm 

Creep deformation, Liverpool Metallurgical 

Society meeting. Department of Metallurgy, 

Liverpool University, 7 pm 

Chemical processing of power reactor fuels, 

F. F. Kemp. Meeting, Chemical Society 

and University College of Wales Chemical 

Society, Edward Davies Chemical Labora- 

tories, University College, Aberystwyth, 

5 pm 


10 MARCH 

Vapour phase chromatography, A. Verdin, 
Swansea. Meeting, Society for Analytical 
Chemistry and South Wales Section, Royal 
Institute of Chemistry 

Annual general meeting, Institution of 
Chemical Engineers, North Western Branch, 
Midland Hotel, Manchester, 3.30 pm 


Control problems of nuclear power stations, 
R. B. Quarmby, Gosta Green College of 
Technology, 7 pm. Meeting, Society of 
Instrument Technology 


Some aspects of the radiation chemistry of 
aqueous systems, J. Weiss. Meeting, Chem- 
ical Society and Cambridge University 
Chemical Society at University Chemical 
Laboratory, Lensfield Road, Cambridge, 
8.30 pm 

13 MARCH 
High energy radiation of rubber and rubber- 
like polymers, R. W. Pearson, Exchange 
Hotel, Liverpool, 7 pm. Institution of 
Rubber Industry, Merseyside section meet- 
ing 

15 MARCH 
Symposium on burst slug detection in 
nuclear power stations, Manson House, 
26 Portland Place, London, WI, 7 pm. 
Details, Secretary of Instrument Technology 
Graphite, L. C. F. Blackman, Stevenage, 
Herts. Details, DSIR, Warren Springs 
Laboratory, Cunnels Wood Road, Stevenage 

17 MARCH 
The use of nuclear magnetic resonance in the 
determination of chemical structures, joint 
meeting, Society of Chemical Industry and 
Fine Chemicals Group, 14 Belgrave Square, 
London, SW1 

19-25 MARCH 
Heat transfer; application of fundamental 
studies to practical problems, University of 
Sheffield. Details, Director, Extramural 
Studies, St John’s, Crookes Valley Road, 
Sheffield 

20 MARCH 
Construction of nuclear power stations, 
D. M. Longman, Demonstration Theatre, 
Electricity House, Bristol, 6 pm. Meeting, 
Western Supply Group, Institution of 
Electrical Engineers 

20-24 MARCH 
Conference, X-ray analytical methods, the 
University, Manchester. Details, Confer- 
ence, Secretary, Research & Control 
Instruments Ltd, Instrument House, 207 
King’s Cross Road, London, WC1 

21 MARCH 
Some factors in the safe operation of air 
separation plants, discussion meeting, Insti- 
tution of Chemical Engineers, at the Geo- 
logical Society, Burlington House, London, 
WI, 5.30 pm 


21-26 MARCH 
Electrical Engineers Exhibition, Earls Cc irt, 
Details, Electrical Engineers ASEE Ext ‘bi- 
tion Ltd, Museum House, Museum St set, 
London, WC1 

25-26 MARCH 
Residential symposium, instrumentation ind 
control of nuclear reactors, the Chest rs, 
Bearsden, Glasgow. Meeting of Scot ish 
Electronics and Measurement Group, Insti- 
tution of Electrical Engineers 

29 MARCH 
Electronic instrumentation for nuclear po ver 
stations symposium, London School of | ‘y- 
giene and Tropical Medicine, 3 pm. Méect- 
ing of British Institution of Radio Engineers 


Future months 


5-7 APRIL 
Electrical contacts symposium, London. 
Details, Secretary, Institute of Physics, 
47 Belgrave Square, London, SW1 


10-15 APRIL 
First International Congress on Metalic 
Corrosion. London. Details, Lt-Col. F. J 
Griffin, Society of Chemical Industry, {4 
Belgrave Square, London, SW1 


OVERSEAS 


21-23 MARCH 
23rd annual American: Power Conference, 
Chicago. Details, R. Budenhoizer, 
Illinois Institute of Technology, 35 West 
33rd ee, Technology Center, Chicago, 
Ill., USA 


21-30 MARCH 
139th meeting, American Chemical Society, 
St Louis. Details ACS, 1155 Sixteenth 
Street, NW, Washington, 6, DC, U 


27-31 MARCH 
Third symposium on Temperature—its 
measurement and control in science and 
Instrument Society of America, American 
industry, Columbus, Ohio, USA. Sponsored 
by Institute of Physics, National Bureau of 
Standards 


28-29 MARCH 
Nucleonics in Flight, Dallas, Texas, Ameri- 
can Nuclear Society Topical Meeting. 
Programme Chairman, N. M. Schaeffer, 
Convair, Forth Worth, "Texas, USA 








Industrial 
Literature 











Hand tools. A new edition of the King Dick 
catalogue of hand tools is now available. It 
contains extensive details of nearly 2000 tools 
for use in many engineering applications. 

* 250 


Wrought zirconium. New from the ICI 
Metals Division is a booklet containing data 
on the mechanical and physical properties 
of ICI Zirconium 10 and 15 and the alloys 
-Zircaloy 2 and Zirconium 30, the latter 
manufactured under licence from AEI (Man- 
chester) Ltd. 

* 251 


Stainless steel tubes. Detailed information on 
practically every aspect of s.s. is given in a 
publication from Sandvik Swedish Steels. 
Mechanical properties are included, followed 
by applications, working pressures, and grade 
and size selection. 


* 252 


Preferred circuits. The latest supplement, 
No. 3, to the US Navy handbook of Pre- 
ferred circuits, contains seven germanium 
transistor circuits, two silicon transistor cir- 
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cuits and one vacuum-tube instrument servo 
circuit. (Price 55 cents.) 


* 253 


Flow measurement. Fischer and Porter’s 
new catalogue covers their range of flow- 
metering transmitters — pneumatic, electric 
and electronic—in addition to secondary in- 
dicators, recorders, controllers and integra- 
tors. 


* 254 


Control valves. Publication 224A from 
Blakeborough presents design details and 
specifications for the complete range of 
Hammel-Dahl diaphragm flow regulation 
valves. 


* 255 


Zener diodes. The current issue of ‘ Recti- 
fier News’ (from International Rectifier) 
contains an article on the use of silicon 
zener diodes used as filament voltage regu- 
lators in a.c. applications. 


* 256 


Grinding indicator. For grinding operations 
where it is impossible to view the wheel 
itself, an electronic grinding indicator has 
been developed by Morris that shows on a 
cathode ray tube different kinds of ‘ Vee’ 
signals. Catalogue ME.1 gives details. 

* 257 


Ultrasonic testing. The new Ultrasonoscopes 
catalogue, in addition to giving details of 


the range of equipment available, serves as 
a useful reference book by describing basic 
principles and some of the techniques used 
for the more common applications. 

* 258 


Speed measurement. The current issue of 
General Radio * Experimenter’ gives a de- 
tailed description of the new *‘ Strobotac’, 
distributed in the UK by Lyons. Improve- 
ments claimed over other stroboscopes in- 
clude high intensity white flashes, shorter 
flash duration and a 110 to 25,000 rev/min 
frequency range. 

* 259 


Electronic furniture. A wide range of Imhof 
racks, cases, consoles, handles and acces- 
sories are currently used in the electronics 
and electrical industries. A new catalogue 
has now appeared that describes every item 
available in ten languages: English, French, 
German, Spanish, Italian, Portuguese, 
Dutch, Swedish, Norwegian and Danish. 

* 260 


Laboratory glassware. Griffin and George 
have revised their catalogue of volumetric 
and lampblown glassware. It is a_ useful 
guide to equipment such as burettes, flasks, 
pipettes, butyrometers, soxhlet extractors and 
viscometers. 

* 261 
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75,000 XW Sodium Graphite Reactor station for Consumers Public Power District at Hallam, Nebraska, U.S.A. 
A t * t 4 é ' 4 a * 



























The Peaceful Atom 


Helping the world The fuel of the future is in the atom. But even now, lights are burning, 


wheels are turning, thanks to atomic fuel. Atomics International, a world- 
double its wide leader in high-performance reactor systems, has over 15 years’ experi- 
















l ence in designing, constructing, and operating reactors. Two of the world’s 
power supply most advanced atomic power stations are now being built by AI under 
in the next U.S. Atomic Energy Commission programs. The wealth of experience 
and facilities at Al will help the world’s power-producing companies in 

ten years their plans to double the supply of electricity in the next ten years. 


— INTERNATIONAL DIVISION OF NORTH AMERICAN AVIATION, INC. 


Pioneers in the creative use of the atom Affiliated with: INTERATOM, Bensberg/Cologne, Federal Republic of Germany 





EUROPEAN HEADQUARTERS: North American Aviation S. A., 29 Rue de la Coulouvreniére, Geneva, Switzerland. A/fi/iated with: DYNATOM, Paris. 
WORLD HEADQUARTERS: Canoga Park, California, U.S.A. Cable Address: atomics Other Offices: Washington, D.C., U.S.A. 
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International law on 
atomic energy 


This first volume in a series on legal 
documentation should prove a most useful 
handbook for those concerned with the 
growing international collaboration in the 
peaceful uses of nuclear energy: inter- 
national and private lawyers, scientists, 
civil servants and industrialists. For the 
first time, the basic constitutional instru- 
ments of the principal international organ- 
izations exclusively devoted to the peaceful 
atom are in a single volume. 

Pride of place in point of time goes to 
the Convention of 1953 establishing the 
European Organization for Nuclear Re- 
search at Geneva, CERN, and to the 
Statute of 1956 setting up the Joint Insti- 
tute for Nuclear Research at Dubna. 

It is of particular interest to have the 
Statute of the Dubna Institute published 
in English. Between CERN and this In- 
stitute there are many striking similari- 
ties: in aims, methods and, above all, 
in the statutory requirement that all re- 
sults of scientific research work carried 
out shall be published and reported in 
such a way as to be freely available to 
the world. Both are, however, more con- 
cerned with fundamental research than 
with the practical application and uses 
of atomic energy. Both illustrate one 
particular form of collaboration, namely, 
an international joint undertaking with 
its own budget and research facilities, an 
internationally recruited staff and an in- 
ternational governing body. 

The book sets out the two principal legal 
texts which form the basis for regional 
co-operation in Western Europe — 
that of establishing the European Atomic 
Energy Community (Euratom) and, on a 
wider organizational basis, that of the 
OEEC European Nuclear Energy Agency 
(ENEA). Both these organizations came 
into existence at the beginning of 1958, 
although the OEEC’s Steering Committee 
for Nuclear Energy, which became the 
executive organ of ENEA, has been in 
existence since 1956. 

The constitutional instruments of the 
three ENEA joint undertakings are also 
reproduced: the 1957 Convention setting 
up the European Company for the 
Chemical Processing of Irradiated Fuels 
(Eurochemic), the Halden Agreement of 
1958 and the 1959 Agreement on the 
Dragon Project. 

This first in the IAEA ‘ Legal Series’ 
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has concentrated upon the more devel- 
oped international co-operative efforts; 
it has omitted reference to certain other 
multilateral nuclear activities, for exam- 
ple, those of the Organization of Ameri- 
can States and the Asiatic Nuclear Re- 
search Centre at Manila in the Philip- 
pines. But it does include the famous 
Tripartite Declaration by the Heads of 
Government of the United States, Canada 
and the United Kingdom of 1945 as 
well as the Tripartite Agreement of the 
same Governments of 1956. These last 
two agreements are only of minor inter-; 
est and could well have been omitted. 

Multilateral agreements (Legal Series 


No. 1) International Atomic Energy 
Agency, Vienna 1959 258 pp Price I5s 
J.L.W. 


The West German 
Nuclear Scene 


Taschenbuch fiir Atomfragen, 1959 Fest- 
land Verlag, Bonn 1959 288 pp I7s 6d 
Atom ABC compiled by W. D. Muller 


Econ-Verlag, Diisseldorf 1959 322 pp 
Price DM1I2-80 
Nuclear Energy Terms: a _ bilingual 


glossary; English-German, German-English 
compiled by A. Z. Redding Nuclear Trans- 
lations Services, New York 1960 121 pp 
Price $3 

Nuclear Physics and Atomic Energy 
terms by G. J. Béné et ai Elsevier, Amster- 
dam and London 1960 213 pp Price 30s 
Whilst Germany made a late start in the 
nuclear field, there seems little doubt 
that she has taken the challenge seriously, 
judging by the number of research organiza- 
tions that have been set up and the type 
of nuclear facilities provided. The extent 
of this effort can be assessed by looking 
at the ‘ Atomic pocket book ’ which serves 
as a useful guide to the German atomic 
industry. Compiled by experts, it gives 
full details of all the relevant international, 
national and district organizations con- 
cerned with its development. 

The ‘ABC’, also intended for the 
German reader, is more than a dictionary. 
Its scope extends beyond the definition 
of terms in nuclear physics and reactor 
technology to include organizations, names 
of reactors, abbreviations and current 
expressions—giving origin and meaning. 

The increasing number of German 
articles, technical papers, specifications 
and industrial brochures makes the pro- 
vision of specialist glossaries a matter of 
urgency. Another difficulty to be over- 
come by the technical translator is the use 





of a number of German equivalents to 
single English terms. Mr Redding’s g os- 
sary, containing over 1200 terms, tries to 
solve this problem by giving mult dle 
entries where they exist, treating the { -st 
entry as the preferred word if a distinct >n 
is possible. 

Elsevier’s glossary, one of a series n- 
tended for interpreters at internatio al 
conferences, covers much of the sa .16¢ 
ground as above but with the addition of 
other terms relating to general phys cs 
and technology. It is a more ambitic 1s 
publication, however, terms are given n 
French, German and Russian with tie 
principal arrangement by the Englich 
word. There are also separate alphabetic il 
indexes for these other languages thit 
cross-reference to the main sequence. 


New books © 


@ Auswirkungau atomarer Detonationen auf 
den Menschau by O. Messerschmidt Karl 
Thiemig, Munich 1960 293 pp Price DM48 


*& 263 

@ Materials for nuclear engineers edited by 

A. B. McIntosh and T. J. Heal Temple 
Press, London 1960 373 pp 75s 

* 262 





BRITISH 
NUCLEAR 


POWER 


STATIONS 
Rolt Hammond 


A.C.G.I1., A.M.I.C.E. 





An authoritative account of 

the six Nuclear Power 

Stations planned to operate 

in Great Britain, written in 

a style suitable both for the 

engineer and the interested 
layman. 

83 §fin. Illustrated 192 pp. 

25s. net 





MACDONALD & CO., 
PUBLISHERS LTD. 
16 Maddox St., London, W.1 
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Now, in ready-reference form, comes a 
new guide to the complete range of Mullard 
halogen quenched G.M. tubes. It is arranged 
to help you evaluate the most suitable tube 
for any application quickly and easily. 
Whether you are designing equipment or 
considering tubes for replacement, you'll 
find it saves time to have a copy at your 


fingertips. Send for yours today. 


your 


QUICK guide & 
fo better \ 


6-M tube 


selection 


THIN GLASS WALL TUBES 
GAMMA SENSITIVE TUBES 


MICA END WINDOW 
ALPHA AND BETA TUBES 


X-RAY SENSITIVE TUBES 
HIGH CURRENT TUBES 


LOW BACKGROUND 
AND GUARD TUBES 
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Mullard 


MULLARD LIMITED - X-RAY DIVISION - New Road - Mitcham Junction - Surrey - England 


> 
[Mullard] 
A 
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When TWO HEADS 
are better than one... 


Use a ‘*MURAMATIC’’ twin-fillet welder 


The Murex “Muramatic” automatic fillet welding equipment has been 
designed to make two horizontal-vertical fillet welds simultaneously on the 
opposite sides of a stiffener. It consists of two “ Muramatic” welding heads 
mounted on a self-propelled carriage and is suitable for use with the 
submerged arc process or for the open arc process using a continuous coated 
electrode. Either alternating current or direct current at any value from 300 
to 1200 amps, can be used by each head. The equipment is supplied with all 
necessary controls for electrical and mechanical adjustments including the 
accurate alignment of the welding arcs by guide wheels. Please write for full 
details. 





MUREX WELDING PROCESSES LTD., WALTHAM CROSS, HERTS. Telephone: Waltham Cross 23636 


E31 /369 


116 Circle No 53 on reply card for further details NUCLEAR POWER March 1961 





Circle No 54 on reply card for further details 








NUKLEONIK 


Edited by 
L. BIERMANN, MUNCHEN - A. BOETTCHER, JULICH - W. FINKELNBURG, ERLANGEN 
_ R. GIBRAT, PARIS : J. GOENS, MOL-DONK : O. HAXEL, HEIDELBERG 

K. H. HOCKER, STUTTGART : P. G. HOLTE, STOCKHOLM : W. HUMBACH, ERLANGEN 

M. KERSTEN, AACHEN : H. MAIER-LEIBNITZ, MUNCHEN : E. SAELAND, PARIS 

E. SCHMID, WIEN : E, SCHOPPER, FRANKFURT/M. : R. SCHULTEN, MANNHEIM 
W. SEELMANN-EGGEBERT, MAINZ : W. WALCHER, MARBURG : J. J. WENT, ARNHEM 
K. WIRTZ, KARLSRUHE : K. E. ZIMEN, BERLIN : K. G. ZIMMER, HEIDELBERG-KARLSRUHE 

W. ZUNTI, WURENLINGEN (SCHWEIZ) 


Managing Editors 
A. BOETTCHER W. FINKELNBURG 
W. HUMBACH 


Published about six times yearly. Subscription for 1961—DM 76.-. 
“ Nukleonik ” covers the whole field of nuclear physics, including its scientific and 
technical fundamentals and neighbouring fields. Original work and original reports 


in the conference languages promote international co-operation among scientists and 
give the reader an insight into the results of the latest research. 


SPRINGER-VERLAG - BERLIN - GOTTINGEN - HEIDELBERG 




















HOLLAN D-S. L. M. 


ROTARY COMPRESSORS AND VACUUM PUMPS 
SUPPLIED FOR: HARWELL, WINFRITH, BERKELEY 


The B. A. Holland Engineering Co. Ltd. 


LINDO LODGE, STANLEY AVENUE, CHESHAM, BUCKS. 


Telephone: Chesham 8406/8 Telegrams: Picturable Chesham Works: SLOUGH, BUCKS 
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Stockholders 


STAINLESS 
STEEI 


SHEETS - BARS - PLATES 
STRIPS & BLANKS 


PROFILE CUTTING & 
SHEET POLISHING 


cD 


LIMITED 




















PROFILE CUTTING 
TO ANY SHAPE 


SCAPA HOUSE - PARK ROYAL RD. 
LONDON N.W.10 


Tel: Elgar 5811 Telex 25239 
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"WELDING & 
NUCLEAR ENERGY 


EXHIBITION 











Olympia-London 
April 20 - May 4 


1961 
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ALUMINOUS CEMENT 





HEAT-RESISTANT CONCRETE 


WITH SPECIAL PROPERTIES 


FOR SPECIAL 


PROBLEMS 


Exceptional cold strength at 24 hours and permanent residual strength 


for structural purposes at elevated temperatures. 


Great thermal shock resistance. 


Volume stability at temperature. 


Low thermal conductivity. 


Highly resistant to chemical attack. 


Shielding action at elevated temperatures due to high proportion 


of combined water. 


(*Temperature limit up to 1350°C, dependent on type of heat-resistant 


aggregate employed !) 


Our Technical Dept. is entirely at your disposal 
for further specific information 


FOR SPEED—STRENGTH 


RESISTANCE 









Regd Trade Mari 


ALUMINOUS CEMENT 





REFRACTORINESS 





Manufactured by 
LAFARGE ALUMINOUS CEMENT COMPANY LTD 


73, Brook Street, London, W.| Tel: MAY 8546 
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For operating temperatures up to 1800°C, or 


when a refractory resistant to reducing conditions 
is required, use Super-Duty Refractory Concretes 
made with SECAR 250, a pure white calcium- 
aluminate cement, free from iron oxides. 


Write for details. 
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== “Bracing”’ 
Stes = weather 
for pipework 


Shocks and vibration give rise to high 
stresses in pipework, with possible 
subsequent damage to piping and 
associated equipment. Pipework on 
board ship subjected to vibration or 
in land installations exposed to high 
winds, is particularly prone to these 
hazards. 

Vokes Genspring Non-Resonant 
Sway Braces supply an efficient form 
of control on all such pipework. 
These Sway Braces have many 
unique features including an incor- 
porated energy-absorbing device, 
adjustability of initial restoring force, 
laminated cushioning material to 
reduce operational noise, and travel 
stops to prevent compression of 
springs to solid height. The eight 
different spring sizes cover loads 
from 39 lb. to 1,500 lb., with maxi- 
mum restraining force varying from 
100-2,250 lb. due to spring action. 


Please write for a booklet. 


yeah QSOSOR000 S89¢ 
———— 
i =~ ean 
“ oe HOePo Hoc ey 
cas croerucell haa, 
Vokes Genspring 
Non-Resonant Sway Braces 


Sketches of suggested methods of application 


oF3 Ot cs by 
Ht HY Ay 
Vokes Genspring SUSPENSION SYSTEMS 


VOKES GENSPRING LTD - HENLEY PARK - GUILDFORD - SURREY 
Telephone: Guildford 62861. Telegrams; Vokesacess, Guildford. 


Telex: 8-535, Vokesacess. Guildford. 
A member of the VOKES GROUP with world-wide representation 
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Famous for Forgings 


The Daniel Doncaster companies never 
stand still — we are always putting 

in extensive (and expensive ! ) new 
equipment to enable us to undertake, 
by a combination of processes and 


plant, work of the most versatile 








nature. 


We make forgings, drop forgings, 
hardened steel rolls and precision 
forgings. 


Why not write for the 28 page 
Doncaster Book ? 








DONCASTERS <> 
1778 PD 




















DANIEL DONCASTER & SONS LIMITED SHEFFIELD 


MONK BRIDGE IRON & STEEL CO. LEEDS 12 
MOORSIDE COMPONENTS - OLDHAM 


DANIEL DONCASTER & SONS (THE BLAENAVON CO, BRANCH) LTD. 
BLAENAVON - MONMOUTHSHIRE 


F.82 
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Another big Mild Steel Plant job 
completed... 
and on the move 


WP RIVTERRELD OD 







Our illustration shows a Vertical Alkylation Reactor, 
7’ 6” 1/D by 45’ 8” overall height, fabricated from 

}” thick Mild Steel B.S.14 plate, having a 

welded dished and flanged top plate and a 3” 

thick bottom plate, stiffened with 10” x 5” rolled 
steel joists. All flanges on the vessel are lined and 
faced with Hastelloy “B”. 


Design pressure: 28 p.s.i.g.at 300° F. Working pressure 
2:8 p.s.i.g. at top of vessel at 210°F. Hydrostatic test 
pressure: 42 p.s.i.g. Vessel spot radiographed 





including Tanks, Butterfields also produce 
such equipment in 


Pressure Vessels, sesiniess sceci, Aluminium 
Vacuum Vessels, Aluminium Bronze Alloy 


Nickel and Nickel Alloys 


etc. as well as 








inmidsteel fabricated to the 


to any of the recognised codes 


This neues = @XACting demands : 
the highest specification 
demanded by of the 


Nuclear Energy Establishments 





Nuclear Engineer by 





W. P. BUTTERFIELD (ENGINEERS) LIMITED 
P.O. BOX 38, SHIPLEY, YORKS Tel: 52244 (8 lines) 


BRANCHES: LONDON Tel: HOLborn 2455 (4 lines) 


BIRMINGHAM Tel: EAS 0871 ‘and EAS 2241 
ul @? e BRISTOL Tel: 27905 
LIVERPOOL Tel: CENtral 0829 


GLASGOW Tel: CENtral 7696 
BELFAST, N.1. Tel.: 57419 and 51957 
DUBLIN Tel: 73475 and 79745 
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Precision made for “Se- REMOTE HANDLING TOOL 5 


curity and Ease” in the 
manipulation of isotopes, 
Cee-Vee Tools excel “ Write for details of our 








use value and_ cost range — or let us knew 
economy. your speci l 
This Over - the - Wall . . , 
model has a choice of X ee 
three heads, Vertical, 45 
Degree or 90 Degree. In 
cach case jaw rotation 
through 400 degrees is 
by remote control from 
the handle section. 

The dimensions of this 
tool can be varied at 
time of manufacture to 
suit individual require- 
ment. 














fe 
ey CARTER & VINER 


PRESS TOOL ENGINEERS 


COODEN SEA ROAD - BEXHILL - SUSSEX 
TELEPHONE: COODEN 143 





EXPORT ENQUIRIES TO: C. PHILLIPS JONES & CO., LTD. Dorchester on Thames, Oxford 








WHERE EVER SPECIAL STEEL 18 NEEDED 


e stainless steels @ heat resisting steels 


e valve steels e high speed steels 


e tool and die steels 


G. G. GARLISLE & GO., LTD. 


IONA STEEL WORKS, PENISTONE RD. SHEFFIELD 
Telephone: 348791 
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SERVICE DE RENSEIGNE- 
MENS POUR NOS LECTEURS 
Il esi souvent difficile au client 
publicitaire d’indiquer dans un 
espa: reatreint tous les détails 
de ses produits. Dans le cas o% 
vous iésireriez de plus amples 
rense snements ace sujet, veuillez 
poini-r le numéro approprié sur 
la cu. te ci-contre et envoyer cette 
dern:ére & NUCLEAR POWER. 


AUSKUNFTSDIENST FUR 
LESER 

Ea is! oft schwierig fur Inserenten 

alle technischen Einzelheiten 

ber thre Produkte in einem 

enaten Platz zu bringen,. 

n Sie noch wetlere Aus- 

‘te wilnschen, streichen Sie 

fachdiebestimmten Nummern 

f{ der nebenstehenden Karte an, 

nd senden Sie sie an NUCLEAR 
WER. 


SERVIZIO D’INFORMAZIONI 
PER | NOSTRI LETTORI 

E’ talvolta difficile all’inser- 
riontsta dt indicare tn uno 
spazio ristretto tutti + particolart 
dei suoi prodotti, Qualora de- 
sideraste ricevere pit ampte 
suformazions a questo riguardo, 
favorite segnare tl numero 
appropriato sul cartellino qu 
accanto ed inviare quest’ ultimo a 
NUCLEAR POWER. 


SERVICIO DE INFORMACION 
PARA EL LECTOR 

Se hace a menudo dificil para 
los anunciantes dar en un 
espacio limitado todos los detalles 
técnicos sobre sus productos. St 
desea ulterior tinformacién, 
marque los ntmeros apropiados 
en la tarjeta opuesta y mdndela a 
NUCLEAR POWER. 


Hugdopmauva ana untateneh 
Yacmo 6ueaem mpydno pexaa- 
Mupynowum Aauyam Oasamo éce 
mexnuyeckue nodpo6nocmu céo- 
ea npodyxyuu @ pexaaue. Ecau 
Bam nonado6amca Go6asounrnie 
ceedenua, mo npocmo omMemome 
coomeemcmeynusue HOMEPG HG Ka- 
mouxe Ha npomuéeonoAsowcHoan 
cmopone U Oomnpadéome 
NUCLEAR POWER. 
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READER INFORMATION SERVICE 


Advertisements % U C | e a f p 0 W e { 


139 
140 
141 
a If you would like further information about any adver- 
144 tisement or editorial item, simply circle the appropriate 


numbers on this card and mail to NUCLEAR POWER. 
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POSITION HELD 





NAME OF BUSINESS 





Literature ADDRESS 
226 244 
23 COUNTRY 
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230 248 
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Research and Development 
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READER INFORMATION SERVICE 


Advertisements Nuclear Power 
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Products and Literature ADDRESS 
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215 27 245 
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218 230 243 
219 231 249 
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Ey comparison with 
cranes of other types 
and similar performance 


has inherent advantages of considerable value . . . 
LOWER FIRST COST 
MUCH LOWER RUNNING COSTS 


NEGLIGIBLE MAINTENANCE COSTS 
NO ROAD COSTS The photographs have been selected to show 


how Butters Derricks can be put on any site 


ERECTION & DISMANTLING 


are simple and rapid 


HIGH SPEED OF OPERATION with compiere satety 


LONG LIFE Seen 
CAPACITY & JIB LENGTH 


to requirements 


2 


Butters Brose Co.Ltd. 


MACLELLAN STREET, GLASGOW, S.I. 
Telephone: IBROX 1141 Telegrams: ‘* BUTTERS, GLASGOW”’ 
AND AT LONDON BIRMINGHAM NEWCASTLE 


Sy 
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RESIN 
IMPREGNATION 





of wire-wound 
components 
under vacuum 
























N.G.N. new ‘Resin-impregnating Plant’ not only ensures 
better and far more thorough impregnation of all types 
of wire coils—its faster cycle of operation, coupled with 
carefully designed thermostatic control of vessels and 
pipework, plus full bore’resin transfer valve, all combine 
to speed output while reducing costs. 


Work chamber is evacuated to 1 micron Hg. to degas and 
dehydrate components which are then impregnated under 
a pressure of 80 lbs. p.s.i. 


Surplus impregnant is completely recovered. Absolute 
reliability, both as regards thoroughness of impregnation 
and regular output is assured. 


Enquiries for special plant to user requirements are 
especially welcome. 


N.G.N. ELECTRICAL LIMITED 


AVENUE PARADE, ACCRINGTON, LANCS. Tel: Accrington 35611-2 



























ALLA Le a ep ed pd ied 


he MARK II “CL” 


High Pressure Valve 


CORROSION RESISTING STEEL DOOR e 
P.T.F.E. ‘FLUON’ SEATING RINGS ®@ 

SIMPLE AND ROBUST IN CONSTRUCTION ® 
POSITIVE IN OPERATION @ 

NO WEDGES OR SPRINGS @ 


SPINDLE STUFFING BOX FITTED WITH e 
CHEVRON PACKING 


STANDARD TEST PRESSURE 100 p.s.i.g @ 


RAISED FACE FLANGES SUPPLIED BLANK OR 
DRILLED TO B.S.10 TABLES ‘A’ TO ‘E’ INCLUSIVE 


INTERNAL SCREW WITH OR WITHOUT INDICATOR ® 


SIZES 2” TO 24” BORE 
VERTICAL OR HORIZONTAL 


THE BRYAN DONKIN COMPANY LTD. 
CHESTERFIELD TEL: 3153 - LONDON TEL: ABBEY 1096 


SAA ATA TTT TTB ERG 0 yw w"r'"EU 


GZ 
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TYPE RPH-1 £188 





MEASUREMENT - RECORDING - GONTROLLING 


are performed by a single instrument connected to a suitably 
selected pH electrode system. 


The System 
== REPLACES costly composite instrument systems 
:= SAVES valuable instrument panel space 
:= SIMPLIFIES setting — by single knob adjustment 
E= ELIMINATES frequent calibration checks 
;s PROVIDES high and low level alarm or control switching 


Write for literature on Industrial pH, 


a conductivity and level control instruments. 


el HPF/T electrode system £46 


Iudustrial Electnochemical Instruments 





ELECTRONIC SWITCHGEAR (LONDON) LTD - LETGHWORTH - HERTS - TEL: 1853 
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in carbon and alloy 


up to 1S tons weight and to any specification 
ON’ ADMIRALTY, WAR OFFICE, LLOYD'S and other LISTS 





THE CGEM TER FOUNDRY & ENGINEERING CO TD 


Atlas Steel Works, Armadale, West Lothian, Scotland 
Telegrams: ‘‘Atlas Armadale, West Lothian’’ 


Telephone: 323 Armadale 
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Simple! 
Secure! 
Speedy! 








SIMPLIFIX 
COUPLINGS 


Simplifix compression 





STANDARD couplings are the 


ee easiest, fastest, most 
practical way to connect 
-_—- copper or nylon tube... 


designed to make perfect 


For use with copper 
tube up to 2” 0.d 


joints at the turn of a 






Annealed and half- 
hard tube available 
from stock 


spanner without the pipe 
twisting. Simplifix 





couplings are madeina 
full range of standard 
sizes. Also, non-standard 
fittings can be quickly 





\ produced to your 


NYLON be - 


TUBE FITTINGS 

The wide range of nylon tube couplings 
uses standard bodies. Nylon tube can 
be supplied in various colours 


specification. Illustrated 
catalogue and technical 
advice gladly provided 








on request. 


©) SIMPLIFIX 


SIMPLIFIX COUPLINGS LIMITED - HARGRAVE ROAD - MAIDENHEAD - BERKS. 
TEL: MAIDENHEAD 5100 





A member of the ALENCO Group of Companies 
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WE OFTEN 








LUNCH 


(Because we like to thoroughly jdigest our customers problems !). 





We like to see a job well done. And we like to see our customers happy! Getting our teeth 
deeply embedded in to our customers’ problems—no matter how specialised and individual—is 
the backbone of the MVC Service! 

Over 30 years’ experience and ‘know-how’ has been built-in to our range of over 100. automatic 
control vaives. People control water with them, gas with them, oil with them, steam with them 
and a host of other industrial liquids and gases too. Mushrooms are grown with them, jam is 
made with them and ships’ cargoes are frozen with them! 

You'll find that expert consultation and advice cost you absolutely nothing at MVC. Our full 
experience is at your disposal. Many times, what has first appeared to be impossible has 

been achieved. Why not write now for our new comprehensive catalogue No. M120, which 


contains full details of our complete range! 





The Magnetic Valve Company Ltd 


7 KENDALL PLACE - BAKER STREET - LONDON - W.1. HUNTER 1801 
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~ SPECIFICATION 


OUTPUT VOLTAGE Continuously variable 
between 300 and 3,300 voits positive or negative, 
with an accuracy of + 1% of dial reading. 
OUTPUT CURRENT At the low-impedance 
output, up to mA. 

OUTPUT IMPEDANCE Low-impedance output 
varies with voltage settings but does not exceed 
3,000 ohms. High-impedance output 10 megohms. 
STABILITY AND RE-SETTING ACCURACY 
Stability for mains variations of + 10% is + 0.05%. 
Drift due to all other causes is within the following 





DYNATRON 


POWER UNIT 
type N.103 


This power unit supplies the high voltage required by most types of 
counters used in nuclear physics, especially scintillation counters 

and other proportional counters which require extreme stability. 

It is of the H.F. oscillator type with a specially designed feedback 
amplifier for stabilisation. Very careful design reduces ripple and spurious 
pulses to such a level that external filters are not normally required. 
There are two outputs: high-impedance for use when absence of pulses 
and ripple are of paramount importance; and low-impedance for use 
when a greater current is required. 

Power unit N.103 is normally supplied for rack mounting but is also 
available in a metal case. 








limits for the periods stated: 1 hour + 0.05%, 

100 hours + 0.1%, 1,000 hours + 0.2%. 

A stand-by switch is provided and when the unit is 
switched on after a stand-by period any given voltage 
will be within + 0.05% of its previous figure. 


RIPPLE AND PULSE CONTENT Ripple, noise 
and spurious pulses have a maximum level of 500 
microvolts at 3,300 volts H.T. at the low-impedance 
output. At the high-impedance output this is 
reduced to below 100 microvolts. 


DYNATRON 














DYNATRON RADIO LIMITED 


Nucleonic and Electronic Division, Maidenhead, Berks. 
Maidenhead 5150 (10 lines) 


SCALERS * PULSE ANALYSERS * POWER UNITS * PULSE AMPLIFIERS * INSTRUMENT RACKS 








THICK PLATE RADIOGRAPHY AND MOBILITY 


Pantak proudly introduce the 
Siemens 18 MeV Mobile 
Betatron. This new industrial 
radiography unit makes it 
possible for the first time to 
examine on site thicknesses of 
mild steel up to 12in. In 
addition its ultra fine focus 
(0.3 mm.) results in sensitivities 
unobtainable with conventional 
equipment and enables the 
Betatron to be used for 
enlargement radiography — a 
combined Pantak/Siemens 
development which makes 
crack detection in thick welds 
entirely practicable. Please 
write for full details and reports 
of practical tests carried out 
on specimen welds. 





VALE ROAD, WINDSOR, BERKS 
Telephone: WINDSOR 3225 


ae) Limes ED 
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ARGUMENT FOR ALUMINIUM Aluminium is indispensable in nuclear engineering - for cladding reactors, for fabricated 


pipework and heat exchanger tubes, for such diverse ancillary equipment as glove-boxes, remote control gear and 
treadplate. IMPALCO, backed by ICI and ALCOA, has both the production facilities and the technical know-how to meet 
the needs of this exacting industry. Wherever there is an argument for aluminium’s lightness, durability, good 
conductivity, ease of handling - contact IMPALCO through your nearest ICI Sales Office. 


impalco 
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Imperial Aluminium Company Limited - Birmingham 
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| Mc/s SCALER 


Type 200 


‘ 

i 

| 
Transistorised 
Resolving Time | uS 
Discriminator Ratio 20: | 
Versatile Paralysis & Internal Timing Circuits 


S 


Enquiries to Sales Department 


MARSHALL OF CAMBRIDGE ELECTRONICS LIMITED 


THE AIRPORT CAMBRIDGE ENGLAND 





INDUSTRIES ATOMIQUES 


is the only international technical and indus- 
trial review printed in French, which specialises 


dustiri ies entirely in nuclear and related subjects. 


INDUSTRIES ATOMIQUES is read by indus 
trialists, engineers, technicians and chemists, heads of 
technical firms and by all those engaged in the world 


of science. In short, it is intended expressly for all 

Ormmli Ue specialists interested in research and in its practical 
realisation. 

In view of its international character, INDUS- 


TRIES ATOMIQUES is read and appreciated in 
The international review for the peaceful countries all over the world. 


Up to date, more than 350 authors, all specialists, have honoured this review with their 
uses of nuclear energy collaboration, and have contributed previously unpublished articles of high scientific value, 


A RENE KISTER PUBLICATION Cay Sea. 


INDUSTRIES ATOMIQUES is a source of precise documentation, constantly being 
brought up to date. The international information and the list of suppliers to the atomic 
Annual Subscription (12 numbers per industries printed in its pages will be found invaluable. 


year) : 

French N.F. 41,50; Belgian francs 510; 
Swiss francs 40; German marks 40; 
U.S. dollars 10; Pounds sterling 3/15/0. 











Industries Atomiques Subscription form 


Subscriptions can be paid in the currency of the country at any European post office. 


We desire annual subscriptions, starting from 














, to be sent to (surname, Christian names, or 
firm’s name, and address). 

















Free Copy: Fill in the coupon 
herewith and mail it today. You 
shall receive a Free Copy and 
prospectus. 


Method of payment Date and signature: 








(This form should be returned in a stamped and addressed envelope to 
NUCLEAR POWER, 77-79 Charlotte Street, London, W1.) 
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FIELDING 


FIELDING & PLATT LIMITED 


Engineers 
GLOUCESTER - ENGLAND 


Member of the Heenan Group of Companies. 
‘ 
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3,300 tons 
Vertical 
Hydraulic 
Plate 


Epender 


ay 


By Courtesy of G. A. Harvey & Co. (London). Ltd., and “Engineering” 


For upwards ofacentury‘FIELDING" This has been achieved by the 
Hydraulic Presses have been supplied accumulation of specialised “KNOW- 
to the exacting requirements of num- HOW" in the design and manufacture 
erous engineering industries. of this type of hydraulic equipment. 


Circle No 76 on reply card for further details 





Circle No 77 on reply card for further details 


New Gamma Irradiators 


Model GR-6 is loaded with Cs-137 to provide a flu 
of 5000 R/hr at an external dosage of less than 2 mr 
hr at 1 foot from surface. Loading with fluxes t 
12,000 R/hr available. Model GR-9, loaded wit! 
Co-60, provides flux level of 100,000 R/hr at a frac 
tion of the external dosage level of less than 5 mr/h 
at 1 foot from the surface. May be loaded for fluxes t: 
1,000,000 R/hr and remain within the stated externa 
dosage level. 





U.S. NUCLEAR CORP. 


oe RES TE SF 
new 


Fast Neutron Counter 


advancements 


The Model FN-1A Fast Neutron Counter—Scintillation 
Type—has three ranges, 0-50, 0-500 and 0-5000 neu- 
trons/cm*/sec. It features an insensitivity to gamma 
radiation to | R/HR. Using a 2 in. diameter by {in 
thick ZnS plastic crystal, the instrument is splash 
proof, shock resistant and capable of operating up to 
plus 130 degrees F. High voltage power supply, ampli- 
fier-trigger and meter accessories are supplied on 
transistorized, plug-in cards. 


NUCLEONICS 


from U. S. A. 





EBERLINE INSTRUMENT CORP. 





Computer Scaler 


Model QS-6 READ-O-MATIC. An all-electronic com- 
puter scaler with a count storage and display channel 
and an electronic timer channel. It is a true events- 
per-unit-time computer for work involving medium and 
long time base intervals encountered in nuclear, elec- 
tronic, industrial and other applications in measure- 
ment and control. Computed counting rate is dis- 
played with decimal point properly placed. 


Frazar & Hansen Ltd., internationally known since 
1834, presents many leading U.S.A. manufactured 
nuclear instruments and components, including 
monitors and detectors, radio-chemical analysis 
equipment, nuclear medical scanners, educational 
teaching aids and radiation shielding and protective ATOMATION, INC. 
equipment. Write for information. : 





FRAZAR & HANSEN Ltd., 301 Clay Street, San Francisco, Calif., U.S.A. 








This is the front cover of 
ENERGIA NUCLEARE 


a monthly journal published by CISE, Italian 
nuclear research centre. 


It was the first and is still the only journal in 


italy dealing with nuclear research and appli- 
cations. Its high level content consists of: 


* original contributions (in English) on the 
results of studies and researches carried out 
by CISE or other nuclear laboratories; 

* survey articles on general or specific subjects 
of pure and applied research as well as on 
industrial applications in the nuclear field; 


* letters on scientific or technical subjects. 


Other features are: 


* world news on the following items: politics 
and economics; reactors; materials; research; 
industrial activities and applications: health 
and safety news; schools, meetings and 


_—. % : various activities; 
gy Fi : 
* book reviews. 
i Hu <x, 
Pr tad e. The yearly subscription rate is: 


£3. 10.0 (Italian lire 6000) 
A specimen copy may be obtained writing to: 


ENERGIA NUCLEARE 
Casella Postale 3986 - Milan (Italy) 


Subscription agent for Great Britain: 


ROWSE MUIR PUBLICATIONS LTD. 
77-79 Charlotte Street, London W1 
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Whichever way you look at it 


know-how is of primary importance in the manufacturing of Atomic Energy Equipment. This is where Graviner scores, for 
we can make almost anything in this rather new sphere of activity, whether it be a lead-filled shielded container, a Thulium 
storage magazine, a magnet for neutron beam focusing or a 20 ton mobile cell unit with viewing windows and handling 
equipment. We specialise too, in the machining of graphite. Indeed, with the recent addition of 12, 500 square feet of factory 
space we can deal with anything from the making of a tiny graphite spring to a Reflector for a Reactor —all under 
controlled clean conditions. 

If therefore you have a Development or Production problem, our Nuclear Energy Division will be very pleased to help you. 


Won't you pay a visit to the Gosport Factory and see what we can do ? 


e R ANY N E R Contractors to The Atomic Energ y Authority 


FAREHAM ROAD: GOSPORT : HAMPSHIRE: Telephone Fareham 2511 





Also specialists in Airborne, Diesel Engine and Industrial Fire and Explosion Protection, Thermostats and Overheat Switches 
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Specially developed for high temperature gas 
duct service, Blakeborough ‘Cone-Seal" and 
“Stress-Seal"” Butterfly valves have aroused 
particular interest in the nuclear field. The ‘‘Cone- 
Seal’ construction is applicable to size up to 
42 in. bore; the “Stress-Seal” from 36 in. upwards. 
Both give tight closure, or shut-off to very fine 
leakage tolerances, even under severe thermal 
shock conditions. A third type, for throttling duty 


only, is also available. 











Duty (CO., Circuit) 


Design Conditions 





Main Duct Isolating 


137 psi gauge, 716°F 





230 psi gauge, 797°F 





295 psi gauge, 788°F 











300 psi gauge, 1067°F 





Valve Type No. and Size Reactor Installation 

32 60 in a = Berkeley Power Station 
Stress-seal 8 66in | Tokai Mura Power Station 

16 78in Dungeness Power Station 
Cone-seal 8 24 in AGR, Windscale 

12 66in Trawsfynydd Power Station 
Throttle 


264 psi gauge, 572°F 




















BLAKEBOROUGH 





wes 146 
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Do you 
employ 
vacuum Plant 
fitted with a 
‘SPEEDIVAC’ 
Pirani-gauge 
head? 








> it incorporates 


io 


——__ 
—__ 





a ready-made, 


sensitive 
LEAK-DETECTOR 





v 
AND HERE’S HOW TO 
MAKE THE BEST USE OF IT 


Any “Speedivac” series 5B or 6A Pirani type gauge head fitted to a vacuum plant can be 

plugged directly into this specially designed control unit to provide a hydrogen/Pirani 

leak detector with maximum sensitivity of 10-2 litre micron/sec. No other control units 

or galvanometers needed, just a “Speedivac” Pirani gauge head and the Model LT6A, 

which can be transferred from plant to plant as required without interfering with the 
existing instrumentation. 


The Model LT6A control unit supplies the Pirani head with a.c. and any out-of-balance 
signal caused by the presence of detector gas at the head is amplified and fed to a 
phase sensitive detector. The signal is indicated by a centre zero milliammeter and four 
ranges of sensitivity are provided as well as zero balance controls. 
If you have a vacuum plant fitted with “Speedivac” Pirani gauge heads, then you need 
an LT6A leak detector control unit. 


okie Vitel miei mee VeteleL meee ee | ce eoeswoe | SUSSEX | ENGLAND 
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or 


Heat Exchangers at Calder 
Hall Atomic Power Station 


at Calder Hall... 


Vital installations, including sub-station switch rooms, at 
the Atomic Power Station are guarded against fire risk by 
a highly sensitive Kidde Detection system. 

his, together with Kidde CO2 Fire Protection, provides 
both preventive and remedial measures—leaving equip- 
ment wholly unharmed in the process. 


THE WALTER KIDDE COMPANY LIMITED 
KIDDE CO2 FIRE PROTECTION KIDDE OIL MIST DETECTORS 


Northolt, Middlesex Tel: VIKing 6611 
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INTERSCHUTZ 


International Exhibition of Fire Fight- 
ing Equipment, Safety Appliances & 
Radiation Protection. 


COLOGNE 
we «23rd June - 2nd July, 196! 


The Exhibition will present a comprehensive show 
of all the latest safety devices in Industry, Civil 
Defence and Atomic Research. 


Cologne will become the meeting place of 
specialists in these fields from all over the world. 


INTERSCHUTZ offers you a unique opportunity 


of finding an International Market for your 
products. 


British Exhibitors please apply to: 


M. NEVEN DU MONT, 
123, Pall Mall, 
London, S.W.1. 
(Telephone: WHI 8211) 
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RADIATION MEASURING 
INSTRUMENTS 


For Laboratory and Industrial applications 





H 1323 


4 measuring ranges from 20 ur,h to 200 mr/h 
Switchable time constant 
150 hours continuous operation 
Two counter tubes in a separate probe 


HERFURTH GMBH-HAMBURG-ALTONA 
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New flow 
indicator 
for opaque 
liquids 


The Dt GBT EWE, 


The Magnetel is a flap type indicator—with a vital difference. 

A magnet set into the flap controls the indicator pointer, eliminating 
the need for springs and mechanical linkages. The Magnetel is a sensitive 
instrument suitable for liquids of almost any viscosity. 

A special model is available for use with liquids containing ferrous 
particles, and the flap can be arranged to permit flow in either direction. 
All parts are accessible for maintenance without disconnecting the pipe line. 
Available in sizes from 3 in. to 2 in., the Magnetel supplements 
Bailey’s already famous Telicator range of Rotary Flow Indicators. 
Please write for detailed descriptive brochures. 


Bailey's 


REGD 





SIR W. H. BAILEY & 
COMPANY LIMITED 


HEAD OFFICE & EXPORT SALES: Albion Works, Patricroft, Manchester. 
Tel: Eccles 3487 (4 lines) 
LONDON & SOUTHERN AREA SALES: Selinas Lane, Dagenham, Essex. 
Tel: Dominion 2277 (3 lines) 
PRESSURE REGULATORS - SLUICE VALVES - TEST PUMPS - TURNSTILES 


TGA TRM IA 
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TIME CLOCK CARDS 


TO FIT EVERY TYPE OF MACHINE 
EXACTLY TO YOUR REQUIREMENTS 





Our Time Cards are manufactured with 
extreme care and we guarantee them to 
work perfectly in All Clocks. 


PRECISION PRINTING 


For SPIRIT DUPLICATORS and MARGINAL 
PUNCHED CARDS 





Harlow for Cards 





We can quote for any type of Card by return: 
send us your samples today. 


HARLOW 


104-110 FREDERICK STREET 
SOUTH SHIELDS 


Telephone: South Shields 4286 (3 lines), 
for our Representative to call. 














18/8 


Titanium 


(LOW COBALT) 
Stainless 
Steel 
Wire 


Stainless Steel Wire, to this 





specification, is already being 
supplied by us in ever 
increasing quantities to meet 
the specific requirements of 
Nuclear Engineers and 
Designers. We shall welcome 
your enquiries for this and 

all other types of Austenitic 
Stainless Steel Wire. 


Stainless Steel Wire 
Company Limited 


HILLSBOROUGH WORKS 
LANGSETT RD., SHEFFIELD 6 


Telephone No.: 344241-2 Sheffield 
Telegrams: Finewyre « Sheffield 
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T SCANNER UNIT 


any distance 


measurement 
transmission 


. _—acme: same: 


HIGH LOW PRESSURE 
TRANSMITTER 





APPLES YT & 


Basingstoke Hampshire 


England. Tel: 


FEATURES OF 
THE ‘REDIFF’ 
PRESSURE GAUGE 


* Measurements from 0to 1 inch 
of water gauge full scale deflection. 
* High Static Pressures gradu- 
ally or instantaneously. 

High 


* Instantaneous Static 


Overload. 


* Usable with liquids/gases hav- 
ing radio-active constituents. 


* Models made of MONEI 
available. 

* Capable of withstanding 
sudden pressures up to 4,000 p.s.i. 
and temperature up to 250°c 


* Electrical Supply: 100-200- 
220-240, 50 or 60 c/s. 


FLOW MEASUREMENT 


Ask for details of the 
‘Rediff’ Instrument from: 


1 R EL AN OD L T D 
Basingstoke 2510/3 Telex: 8546 
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When Cooling’s a Problem... 


Undoubtedly the answer to all air and hydrogen cooling problems 
is PREMIER. PREMIER closed circuit coolers are among the most 
highly efficient and economical in the world—installed in such 
important power stations as Meaford, Poole, Uskmouth, Hams Hall 
“C”, Darlington, Bold “ B”, Stockport and Johannesburg; and 
hydrogen coolers and heat exchangers in hand for Hunterston 
Atomic Power Station and many other overseas works and power 
stations, large and small. 
PREMIER design and erect the plants, guarantee the performance and 
give a 100 per cent. after-sales service. Certainly, the scientifically 
engineered construction, high efficiency and economy of PREMIER 
closed circuit air coolers are the reasons why they are acclaimed by 
engineers everywhere. 

If you have an air or hydrogen cooling 

problem, write to us—our advice is yours 

for the asking. 





WE do the designing ourselves 
WE manufacture our own plants 
WE erect the plants ourselves 
WE guarantee the performance 








¥: 
iY 
U 


PREMIER .counc rowers 


THE PREMIER COOLER & ENGINEERING CO. LTD. 
Dept. 14, SHALFORD, Nr. GUILDFORD, SURREY 








138 





Circle No 90 on reply card for further details 


TEST SIEVE SHAKER 
for 


accurate 
particle size 
analysis 


Accurate and consistent results are the features: 
required of a test sieve shaker for the sieve 
analysis of the particle size range of material. 
Simply vibrating or shaking test sieves by 

hand is not good enough for the standard of 
accuracy required these days, Vibration alone 
tends to aggregate rather than to segregate 
particles and shaking test sieves ty hand 

is not only tedious but inevitably 

produces inaccurate results. 


The Inclyno Test Sieve Shaker incorporates. 
a double movement that jolts and 
spreads the test material ensuring perfect 
segregation of the various particle sizes 
and pr ing the i number of 
apertures for undersize particles to 

fall through each sieve. Three models 
available for all sizes of standard test 
sieves and supplied complete with motor 
and inbuilt automatic time switch 
covering test periods up to 60 minutes. 


1 fe 4, fe 


THE PASCALL ENGINGERING CO LTD 
GATWICK ROAD +: CRAWLEY - SUSSEX 








Crawley 25166 for 
List IN 3203 


Write or telephone | 
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A BREAKDOWN HERE COULD COST 
A FORTUNE 
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What is the most important piece of machinery in your factory ? 


What would be the cost per day to your business if it were to break 
down ? 


It is now possible to cover the loss of profits resulting from such a 
breakdown as well as the cost of repairing the machine itself. 


Policies can be issued to meet the particular requirements of any 
business. 


In this way you can be indemnified against the serious interruptions 
to your business which can be caused by machinery breakdown. 


Should you feel in need of the protection of this new form of insur- 
ance we can send an engineer to advise you and inspect your plant. 


Write to D. H. EVERS, /ndustrial insurance consultant 
ONE ARUNDEL COURT JUBILEE PLACE LONDON s$.W.3 
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international 





valve control 


Rotork, for a long time the only Company 
in Britain specializing in valve motorisa- 
tion, is now the only British Company 
with an international approach to valve 
control requirements. 

THE ACTUATORS. 

The Rotork ‘A’ range of actuators in standard form 
meets most requirements but can also be supplied to 
comply with any industrial or national specifica- 
tion. The range covers the power requirements of 
every type or size of valve. 

THE CONTROL SYSTEM. 

The electrical equipment and circuitry provide a 
flexible, versatile system which meets every type of 
control requirement, including local or remote 
pushbutton, automatic operation from data, 
sequence control and interlocking with other 
actuators or associated equipment etc. 
MANUFACTURE, SALES & SERVICE. 

Highly competitive prices on a world wide scale are 
assured by manufacturing and sales facilities in 
West Germany, France and Italy to augment U.K. 
production, as well as offices or agents in Holland, 
Switzerland, Australia, Canada, South Africa and 
the Arabian Gulf. 

EXPERIENCE & REPUTATION. 

Name any big company in a valve-using industry 
and it is almost certain that you have named a 
Rotork customer. 


Please write for our booklet entitled ‘‘ROTORK VALVE CONTROL”. 


ROTORK ENGINEERING CO. LTD. of BATH, ENGLAND. Teil: 64558 
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not forgetting, 
‘EAD GLASS 


The technical officers of the 
Association are always glad to 
give individual assistance. 





LEAD DEVELOPMENT ASSOCIATION, 
18 Adam Street, London, W.C.2 
Telephone: WHitehall 4175 

Telegrams: Leadevep, Rand, London 


5 
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By «ppointment to 
HM The Queen 
Suppliers of 
Vv uum ‘leavers 








No. | reactor at Bradwell, on 25th June, 
1960 


Photo by kind permission of The Nuclear 
Power Group, Bradwell and the Central 
Electricity Generating Board. 


CLEAN CONDITIONS ARE ESSENTIAL 


New Welbeck Master 
Cleaners contribute to 
Britain’s great Nuclear 
Power Programme. 


Graphite Stores, Core 
Construction and Active 
Areas are maintained under 
conditions of extreme 
cleanliness by MASTER 
CLEANERS because they 
offer the following essential 
features:— 


% No Dust Bag 


% Steel Dust Container 
with Rubber Base 


%* All Non-Compatible 
Metals Polythene 
Coated 


% Accessories for Special Applications 
%* All Models Light, Portable and Robust 
% All Standard Voltages and 50v., 110v. for Site Use 


Further information from technical department 


NEW WELBECK LTD. 


HEAD OFFICE & WORKS: 
Moulsecoomb Way, Brighton 7, Sussex 
Tel.: Brighton 61666 (PBX) 
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SIEMENS 





ATOMS FOR PEACE 





The SIEMENS-SCHUKERTWERKE A.G.—in close co- 
operation with other Companies of the House of Siemen 


Design—Manufacture supply 

Research Reactors—Multi purpose Reactors 

Ship Propulsion Reactors—Nuclear Power Stations 
and all the pertinent Reactor equipment. 


SIEMENS-SCHUKERTWERKE, ERLANGEN 
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G. A. HARVEY & CO. 
(LONDON) LTD. 
WOOLWICH ROAD, LONDON, S.E.7 
GREenwich 3232 (22 lines) 
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Gas from Oil: For the South Eastern Gas Board’s high pressure Oil 
Gasification installation, now being built by Woodall-Duckham Construction 
Co. Ltd., Harveys have made and delivered to the Isle of Grain two Absorber 
columns. Each column is 120 ft. long by 9 ft. 4 ins. overall diameter, and weighs 
approximately 100 tons. The columns are Class 1 welded throughout, for 
operation at 300 p.s.i., and are for the high pressure CO, removal plant. 


Harvey Facilities and Products: CLASS I WELDED PRESSURE VESSELS TO LLOYD’S AND 
A.S.M.E. CODES - HEAT TREATMENT AND RADIOGRAPHY - DIE-PRESSED AND ‘ROTAR- 
PREST’ HEADS UP TO I5 FT. DIA.—LARGER SIZES TO SPECIFICATION - FABRICATIONS 
UP TO 120 TONS IN ONE PIECE - STEEL PLATE AND SHEET METALWORK - HEAVY 
MACHINING AND FITTING - PERFORATED METALS - WOVEN WIRE ue't 


CP.» SQUTH EASTERN GAS AdARD, GLE o Spay 
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ew up-to-date DATA on 
URNAGE & STOVE INSULATION 





This new Data Sheet gives the factors required to 
calculate the savings in heat obtainable with Therbloc 
mineral wool insulation used either by itself or as a 
backing to refractories or insulating brick. Graphs of ‘K’ 
values and practical examples are included. 


TO STILLITE PRODUCTS LTD., 15 WHITEHALL, LONDON S.W.! 
Please send Therbloc Data Leaflet No. 5/60 | 


NAME 
ADDRESS | 


Just attach this coupon to your letterhead 
Nuclear Power | 
—_— meme a oe meatal i cena oneal a — em 
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Regd. Trade Mark 


STILLITE PRODUCTS LTD., 15 Whitehall, London S.W.! 
WHiltehal! 0922-7 and 231 St. Vincent St., Glasgow, C 2 CENeral 4292 














LINEAGE ANNOUNCEMENT RATES:— 5S/- per line, 5% discount for 6 insertions, 10% discount 
12 insertions 

BOX Nos.: 1/- extra will be charged 

COPY DATE: i i 


Advertisements for April issue to be received not later 
than March 13th 


DISPLAY ANNOUNCEMENT RATES:— 1 insertion 50/- per single col. inch 
6 insertions 47/6 per single col. inch 
12 insertions 45/- per single col. inch 





COURSES 


SUPPLIES & SERVICES 








Advanced Course on Radiation Protection 
held at the 
Harwell Reactor School 


Fourth Course—19%th April to 18th July 1961 
Fifth Course—commencing late in 1961 


The course is intended for persons of good academic standing who are 
working in or entering the field of Radiation Protection. It is especially con- 
cerned with the protection of the workers in installations having high levels 
of radioactivity, such as radiochemical plant, high level laboratories and 
reactors, and with the control of waste products. 


The theoretical part of the course. which includes the basic scientific 
principles, consists of about one hundred lectures; the majority of these are 
by members of the staff of the United Kingdom Atomic Energy Authority, 
but specialist topics are covered by members of the staffs of other bodies, 
including among others the Medical Research Council, the Agricultural 
Research Council, and the Royal Institute for Cancer Research. 


Practical work is held in the laboratories of the Reactor School, and in 
various laboratories and installations in the Atomic Energy Research Estab- 
lishment. 


There is a comprehensive programme of visits, including a short tour 
of the factories of the United Kingdom Atomic Energy Authority at Wind- 
scale and Springfields. 


For further information and forms of application, write to 
The Manager, Reactor School, Atomic Energy Research Establishment, 
Harwell, Didcot, Berkshire. 





NON-DESTRUCTIVE TESTING 
LABORATORIES 
Vacuum, X-Ray, Gamma-Ray and other 
forms of Non-Destructive Testing. 


s 
INDUSTRIAL RADIOGRAPHY 
(N.D.T.) LTD., 
Managing Director: Paul Fox 
360 Cricket Inn Road, Sheffield, 2 
Telephone :—Sheffield 26630 











FOR ALL METAL FINISHES 


Electro Plating in Rhodium, Gold, Silver, 
Cadmium, Chromium, Nickel, Copper, 
Tin, Zinc, Lead, etc Enamelling, 
Lacquering, Shot-Blasting, etc. 
A.I.D., A.R.B., D.1.A.R.M. Approved. 


HARRIS PLATING WORKS LTD. 
18 New Wharf Road, TERminus 7263 
Lendon, N.1. (5 lines) 











ALUMINIUM DESIGN 
and fabrication service available 
for all types welded and other light 
alloy structures and components 


ALPHAMIN LTD. 


4 Dunston Street, Kingsland Road, 
London, E.8.___Tel.: CLIssold 4161 

















FOR SERIES RATES — RING MUSEUM 8252 


PROFESSIONAL APPOINTMENTS 





PRACTITIONERS IN THE ART OF 
SCALE MODELS AND PATTERNS 
All types of scale models. 
Quality — Delivery — Service 
prone * to the U.K.A.E.A 


MASTERMODELS LTD. 
Greenhill Crescent, Harrow, Middx. 
Telephone: HARrow 2428 














GRADUATES FOR SENIOR MANAGERIAL 
POSITIONS 

A DIVISION OF IMPERIAL CHEMICAL INDUSTRIES 
wishes to engage ENGINFERS for highly Technical Management. MECHANICAL, 
CHEMICAL, CIVIL, ELECTRICAL and INSTRUMENT ENGINEERS are all included 

To equip men for more senior posts, experience is given to suit each 

case. Previous industrial experience will be added to where necessary 

including operational experience and also the development of new 

projects. Modern work study methods will be incorporated. For 


University graduates without previous industrial experience additional 
training will be added embracing practical and design work. 


Applicants should not exceed 30 years of age; a good University 
degree is essential. Applications giving brief details should be 
addressed to the : 

Staff Manager, IMPERIAL CHEMICAL INDUSTRIES LIMITED, 
Hexagon House, Blackley 


quoting reference 1/71/NP 





GILSTON ENGINEERING CO. 
Specialists in all applications of 
STAINLESS STEEL 
Fabrications Press Tools 
Precision and Production Engineers 


Lea Road, Waltham Abbey, Essex 
Telephone: Waltham Cross 23871 














Higher Tensile Steel Chain Slings and 
special Lifting Appliances of every 
description D.G.I. approved 
TOM SMITH & CLARKE LTD. 
Chain Manufacturers, 

Port Tennant, Swansea 
Telephone No. 53106 (4 lines) 
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OFFICIAL APPOINTMENTS 





PHYSICISTS 
IN GOVERNMENT SERVICE 
A SCIENTIFIC CAREER—SECOND TO NONE 


Following are examples of vacancies at SCIENTIFIC OFFICER (£738-£1,222 
or SENIOR SCIENTIFIC OFFICER (£1,342-£1,654) level now available :— 
ROYAL AIRCRAFT ESTABLISHMENT, Farnborough, Hants.—Research on 
new methods of INERTIAL SPACE REFERENCE for inertial navigation, 
aimed at achieving a significant advance over the current techniques of flotation 
gyroscopes. 


NATIONAL PHYSICAL LABORATORY, Teddington, Middlesex.—Work on 
static or dynamic properties of HIGH POLYMER materials. 


ADMIRALTY UNDERWATER WEAPONS ESTABLISHMENT, Portland, 
Dorset.—Research in UNDERWATER NOISE and signal intensity measure- 
ments. Requires experience in ELECTRONICS, interest in ACOUSTICS and 
some knowledge of digital analysis, vibration theory or spectrum analysis. 
ARMAMENT RESEARCH and DEVELOPMENT ESTABLISHMENT, Fort 
Halstead, Sevenoaks, Kent.—Basic investigations of OPTICAL SYSTEMS in 
INFRA-RED and PHOTOGRAPHIC OPTICS. 

There are many other vacancies in PHYSICS, ENGINEERING and most 
other scientific disciplines. All posts carry a pension. Good promotion 


prospects. Full particulars from Civil Service Commission (Scientific Branch), 
17, North Audley Street, London, W.1 


AT YOUR 
SERVICE 


when you need 


an expert 














SUPPLIES & SERVICES 








R. & J. PARK LTD 
Dominion Works, Chiswick 


FIRE PROTECTION 


Export packers, shippers and for- 
warding agents. Specialists in 
packing heavy machinery 


= 
88 Richmond Road, London E.8 
CLIssold 4423/4 








Consult EXTINGUERE Co Liéd., 
England suppliers of fire fighting equipment 
e to Chapelcross and Hinkley Point. 


PROTOTYPES 


Design and construction 


of 


Special Machinery 


RESEARCH 
ENGINEERS LTD. 


Northampton Grove, Canonbury, 
London, N.1 
CANonbury 4244 


Telegraphic Address:— 
Wilmaket, London, N.1 
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Cc, W. GARREIT & SON LTD., 


ALL DRAWING OFFICE SERVICES, & Co. Lid. 


PROCESSES, MATERIALS AND 34 Nuthall Road, Nottingham 
EQUIPMENT Nottingham 77195 


@ . . ‘ ote 
WINDMILL ROAD, BRENTFORD Lightning Conductor Specialists 


MIDDLESEX Chimney Maintenance, Church Restoration, 


Industrial Painting. Decorating. 





Telephone: ISLeworth 4433 (4 lines) 


A. W. ELLIOTT (Steeplejacks) 





PLUGS AND 
SOCKETS 


More than 1,000,000 in 
stock, covering over 50 
different ranges, British 
and American 
2 
Stock list on application to: 
SASCO 


Nutfield, Redhill, Surrey 
Telephone: Redhill 5050 
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% Please send for our com- 
prehensive leaflet, which 
gives technical data and 
details of applications 
quoting ref. NP2 


HUNT HEAT TRANSFER EQUIPMENT 


HUNT HEAT EXCHANGERS LTD. 
MIDDLETON MANCHESTER Telephone 
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STAINLESS STEEL FLANGES 


Specialists in the manufacture of — 


% FLANGES MACHINED TO B.S. TABLES OR TO SPECIAL SIZES 
%& PROFILES CUT FROM PLATE TO ANY THICKNESS OR SIZE 


From approved grades of stainless steel 


KEEN PRICES—PROMPT DELIVERIES 


Let us quote for your requirements. 


STAINLESS STEEL PROFILE CUTTERS LTD. 


Dept. N.P. Farfac Works, King’s Grove, MAIDENHEAD, Berkshire 
*phone 15 
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ADVERTISERS 


Allgemeine Elektricitats-Gesellschaft 
Appleby and Ireland Ltd 


Atlas Steel Foundry and Engineering 
Co. Ltd, The 


Atomics International Div. of North 
American Aviation, Inc. 


Bailey and Co. Ltd, Sir W. H. 
Blakeborough & Sons Ltd, J. 
British Ermeto Corporation Ltd 


British Industrial 
(Staffs) Led 


Burgess Products Co. Ltd 
Butterfield (Engineers) Led, W. P. 
Butters Bros. and Co. Ltd, 


Engineering Co. 


Carlisle and Co. Ltd, C. G 
Carter and Viner 


Central Electricity Generating Board, 
The 


Consett Iron Co. Ltd 
Cox and Danks Ltd 


Demag 


Deutsche Babcock & Wilcox 
Dampfkessel-Werke AG 


Doncaster and Sons Ltd, Daniei 
Donkin Co. Ltd, The Bryan 
Dirrwerke-AG 

Dynatron Radio Ltd 


Edwards High Vacuum Ltd 
Electronic Switchgear (London) Ltd 
Energia Nucleare 


Engineering Marine Welding & 
Nuclear Energy Exhibition 


Evers, D H 


Fairey Engineering Ltd 
Fielden Electronics Ltd 
Fielding and Platt Ltd 
Frazar & Hansen Ltd 


General Electric Co Ltd, The 


Geselischaft fiir Linde’s Eismaschinen 
Aktiengeselischaft 
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37 Glenfield & Kennedy Ltd 


138 Graviner 


126 Harlow Printing Works (Northern) 
Ltd 
113 Harvey and Co. (London) Ltd, G. A. 
Hawker Siddeley Nuclear Power 
137 Co. Ltd 
134 Heraeus GmbH, W. C. 


15 Herfurth GmbH 


8 

42 Hopkinsons Ltd 

121 Hunt Heat Exchangers Ltd 

123 
Imhof Ltd, Alfred 

122 Imperial Aluminium Co. Ltd 

122 Imperial Chemical Industries Ltd 
Industries Atomiques 

109 Interschutz 

46 

118 


Holland Engineering Co. Ltd, The 
B. A. 


Jenaer Glaswerk Schott & Gen. 


29 Joy-Sullivan Ltd 


38 Kahle Rohrleitungsbau GmbH, Paul 


120 Kennedy and Co. Ltd, Allan 
124 Kent Ltd, George 


28 Kidde Co. Ltd, The Walter 
128 


Lafarge Aluminous Cement Company 


135. Ltd 
125 ~ Lead Development Association 
132 Lockheed Precision Products Ltd 
Lincoln Electric Co. Ltd 
118 
139 7 
Macdonald & Co., Publishers Ltd 
a Magnetic Valve Co. Ltd, The 
Ss Mannesmann-Export 
Marshall of Cambridge Electronics 
131 Ltd 
132 Marston Excelsior Ltd 
Maschinenfabrik Augsburg-Nirnberg 
WW AG 


Mesucora 


39 Mirrlees, Bickerton and Day Ltd 
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Rotork Engineering Co. Ltd 140 
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Simplifix Couplings Ltd 126 
Solartron Electronic Group Ltd, The 50 
Springer-Verlag 117 
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in 
nuclear 
power 


Nuclear 
Power 
Group 


RADBROKE HALL 
KNUTSFORD : CHESHIRE 





